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ABSTRACT 
Genetic and phenotypic parameters of immune response traits were investigated for 
Holstein bulls. Aspects of general immune response were evaluated in 60 post-pubertal 
bulls. Assessment of neutrophil function was emphasized and was based on laboratory 
measures of migration, phagocytosis, o.xidative metabolism, and cytotoxicity. Lymphocyte 
blastogenesis due to mitogen and leukograms were included in the battery of laboratory 
assays. Data were collected from bulls before, during, and after glucocorticoid-induced 
immunosuppression in a biological model that mimicked periparturient immunosuppression. 
Derivative-free maximum likelihood was used to estimate genetic and phenotypic (co) 
variances for immune response traits. Traits were defined as immune ftmction measured by a 
specific laboratory assay on several days within a particular time period. Single- and 
multiple-trait animal models were used in the data analyses. Prior to immunosuppression, 
heritabilities for 14 immune response traits ranged from .27 to .56. Heritabilities in weeks 2 
and 3 tended to be lower than week 1. although heritabilities for spontaneous lymphocyte 
blastogenesis. neutrophil iodination, directed migration, and cytotoxicity' assays varied little 
across weeks. Genetic and phenotypic correlations between traits described by data from the 
same assay across different weeks generally ranged from .30 to .75 and .25 to .60, 
respectively. Genetic correlations among measures of neutrophil oxidative metabolism and 
between phagocytic capacity and neutrophil cytotoxicity were high and positive. Immune 
responses during stressed and non-stressed periods can be generally characterized as separate 
but overlapping traits. Estimated parameters for immune response could potentially be used 
for construction of selection indices for greater disease resistance. 
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GENERAL INTRODUCTION 
Animal-based agriculture has experienced tremendous gains in product yield and 
production efficiency over the past two decades. Annual milk production increased nearly 
4000 pounds per cow from 1980 to 1996 in the U.S. dairy cattle population (4). A common 
perception in the dairy industry is that increased production demands have led to adverse 
effects on animal health and reproduction. If such concerns are valid then both economic 
motives and ethical obligations force us to consider disease resistance in dairy cattle. 
Infectious disease control in most domestic animals has been based upon improved 
environmental conditions, minimizing pathogen exposure, and vaccination programs. 
Selection for enhanced disease resistance represents another potential method of 
improvement (17). 
Economic Justification for Increased Emphasis on Disease Resistance 
Several planned experiments have provided evidence to add credence to claims of 
greater animal health concerns at higher levels of production. As part of North Central 
regional research project NC-2, two lines of cattle were created in the Iowa State breeding 
herd by establishing different selection criteria for sire usage. Cattle in the high milk line 
represented progeny of elite bulls for milk production, and cattle in the average milk line 
represented progeny of bulls selected to represent the Holstein breed average for a given time 
period. Over a 20-year span, milk production in primiparous cows in the two selection lines 
differed by greater than 1200 kg per lactation, with greater differences observed in 
multiparous individuals (10). Cattle in the high milk line had significantly greater costs 
associated with mastitis and discarded milk and tended to have increased incidence of 
respiratory, digestive, and skin and skeletal disorders (1). Similar results obtained in a later 
study confirmed these preliminary findings (2). Also, primiparous cattle in the high selection 
line averaged 13 more days open than cows in the breed average line (10) although services 
per conception did not differ. Similar reproductive inefficiencies were reported in a separate 
herd contributing to the NC-2 project in Wisconsin (7). 
Perhaps the best example of the antagonistic relationship that exists between 
production and animal health is provided by a third selection project contributing to regional 
project NC-2. A high milk line was established by utilization of elite production bulls over 
several generations, and a static control line was propagated by using semen stored fi-om 
bulls collected in the 1960's (9). Differences between selection lines in total health cost in 
first and all lactations were $28.22 and S49.44, respectively (9). The bulk of the difference 
was due to treatment of mastitis, but significant increases in treatment of locomotive 
problems and ketosis were also noted. It is important to note that disease costs in the studies 
listed above have been direct costs only and have not considered indirect costs such as 
increased probability of premature culling from the herd. 
Precise estimates of disease prevalence in the U.S. dairy herd are difficult to assess 
because of limited disease recording schemes in place for production diseases such as 
mastitis and lameness. The National Animal Health Monitoring System (NAHMS) is 
designed to measure the incidence and cost of health-related events in livestock via survey 
techniques employed on selected farms nationwide. Surveys are not done on an annual basis. 
More sophisticated data recording schemes for health-related events are in place 
internationally, particularly in western and northern Europe. Table I lists the results of a 
NAHMS survey (20) and a database summary from the United Kingdom (3) covering 
approximately the same time period. Although disease definitions and categories are not 
identical between the tv/o studies, it appears disease incidence rates are similar. More 
importantly, it is obvious that a substantial proportion of animals used for dairy purposes 
internationally are affected by maladies such as mastitis, postpartum diseases such as milk 
fever, retained placenta, or metritis, and infectious calfhood disease. 
Literature estimates of the cost of disease vary considerably due to inclusion or 
omission of several variables considered as indirect costs. Most studies will include direct 
costs such as expenses incurred due to usage of a veterinarian or medical expert, drug 
purchases, discarded milk, reduced yield potential, and costs associated with disease 
prevention such as germicidal teat-dips. Indirect costs are more difficult to quantify. 
Examples of indirect costs may include increased risk of premature culling, cost of fatality, 
longer calving intervals, reduced quality premiums, penalties paid for unsalable product, and 
reduced production potential due to subclinical disease. In spite of different methodology 
used by researchers in this area, it is possible to draw conclusions on the current status of 
disease costs. Mastitis or inflammation of the mammary gland is of greatest importance to 
the dairy producer; therefore, it will be used as an example of difference in methodology of 
calculating disease costs. 
Mastitis incidence in the U.S. has been estimated at 36.8 clinical cases per 100 cows 
(20). This is quite similar to mastitis incidence rates in the United Kingdom (3). Two 
studies performed in the United States estimated direct costs of mastitis of $40 (8) and $49 
per cow per year (20), respectively. Hoblet et al. (8) reported that all herds studied had very 
low somatic cell counts and low incidence rates of contagious mastitis and approximately 
one-half of the direct cost of mastitis was spent on preventative measures. Weigler et al. (20) 
concluded that one-fourth of the direct cost of mastitis was expended on preventative 
measures, although germicidal teat dips were not included as costs in this study. 
3 
Table I. Clinical disease incidence rates in dairy cattle compiled by separate studies in the 
United Stated and the United K.ingdom. 
U. S. Study (1988-1989)' U.K. Study (1989-1990)^ 
Age Incidence"* Average 
Disease category group rate Disease category rate 
Udder disease Cows 36.8 Dead calves (%) 7.3 
Metabolic disorders Cows 24.1 Aid at calving (%) 9.5 
Reproductive problems Cows 22.9 Twins (%) 3.6 
Abnormal births Cows 9.5 Abortions (%) 1.5 
Lameness Cows 5.1 Retained afterbirth (%) 3.6 
Digestive problems Cows 3.1 Milk fever (%) 6.3 
Undiagnosed disease Cows 2.8 Endometritis 
(cases/100 cows) 21.8 
Eye problems Cows 0.9 Mastitis (% Cows) 21.8 
Systemic problems Cows 0.7 Mastitis 
(cases per 100 cows) 37.1 
Respiratory diseases Cows 0.6 Lameness (% cows) 21.1 
Diarrhea Cows 0.4 Lameness 
(cases per 100 cows) 33.6 
Tumors Cows O.l Treatment for estrus 
not observed (% cows) 33.6 
Respiratory diseases Heifers 3.0 Treatment for estrus 
not observed 50.6 
(cases per 100 cows) 
Lameness Heifers 0.4 
Reproductive problems Heifers 0.2 
Undiagnosed disease Heifers 0.2 
Digestive problems Heifers 0.1 
Diarrhea Calves 76.0 
Respiratory diseases Calves 59.1 
Systemic problems Calves 3.1 
' Weigler, et al., 1990. 
' Esslemomand Peeler, 1993. 
^ Annual incidence proportion per 100 head at risk. 
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Estimates of the annual cost of mastitis per cow have been dramatically higher when 
indirect costs have been estimated and included in the final cost figure. Morin et al. (16) 
reported total losses due to mastitis ranging from $161 to $344 per lactating cow per year. 
Estimates included indirect losses due to reduced milk yield, reduced quality premium 
payments, and mastitis-associated culling. Reduction in milk yield due to clinical mastitis 
accounted for 34-55% of the cost per cow and reductions in quality premiums accounted for 
21-40% of the total. Kossaibati and Esslemont (12) found that economic losses depend upon 
the severity of the mastitis infection and concluded that reduced production potential and 
increased risk of culling were the largest indirect costs associated uath mastitis. 
Additionally, estimated total costs of mastitis (indirect plus direct costs) were 2 to 10 times 
greater than estimates based on direct costs alone. Although it is obvious that calculation of 
disease costs is not straightforward, it is equally obvious that indirect costs of disease are 
substantial. 
Estimates of cost due to disease represent profits not made by the dairy farm owner. 
Substantial variation exists between herds with regard to disease prevention and control. 
Kossaibati and Esslemont (12) used a health financial index to compare individual herds to 
attainable target levels of disease incidence in several categories. Annual losses in profit due 
to disease mismanagement in 1995 ranged from £100 (top herd) to £18,000 per 100 cows 
(worst herd), with average loss estimated at £6300 per 100 cows. These costs estimates are 
interpreted as money spent on disease above that which would have been spent on disease if 
attainable target levels for all disease categories had been met. Only direct costs of disease 
were used in this study, therefore, estimates may be conservative. Costs associated with 
mastitis and lameness represented 38 and 27% of the health financial index, respectively 
(12). Based on disease incidence rates and costs of disease in the U.S. and internationally, 
research investigating improved resistance to infectious disease in dairy cattle appears 
justified. 
Overview of Disease Resistance in Domestic Livestock 
Control of infectious disease in domestic animals has been based on preventative 
mezisures and measures to cure or control the spread of disease. Isolation and embargo 
programs, as well as test-and-slaughter programs, are intended to curtail the migration of a 
pathogen from one region to another. Aggressive disease eradication programs, along with 
proper sanitation procedures, are intended to limit the exposure of an individual to a 
particular pathogen. Vaccination programs are designed to enhance the ability of the 
individual to resist new infection. Despite widespread application of these approaches to 
prevent disease, infectious disease continues to be a problem in the U.S. and worldwide. 
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Treatment of existing infections with chemical compounds, such as antimicrobials and 
pesticides, has been the method of choice for disease treatment in domestic livestock. 
Culling, isolation, and holistic approaches to disease treatment have also been used with 
varying success. 
As stated earlier, the direct and indirect costs of clinical disease are substantial and 
questionable from an ethical perspective. In particular, the control of existing problems via 
chemotherapy has been increasingly criticized by consumer groups concerned about potential 
dangers of residual antibiotics in food animal products for human consumption (18). 
Furthermore, widespread and continued use of antimicrobials may allow the development of 
pathogens that are resistant to common forms of chemical treatment. Several types of 
gastrointestinal nematode parasites have become increasingly resistant to anthelmintics 
commonly used to treat small ruminants (19). Clearly, emphasis must be placed on 
developing improved methods of disease prevention in livestock, although consideration 
must be given to treatment methods as well, since prevention strategies can not guarantee 
disease eradication. 
Genetic improvement of livestock species offers an additional tool for disease 
prevention. Gains made via genetic improvement may be passed across generations and may 
reduce costs associated with chemotherapy and additional treatment measures. Additionally, 
there is evidence that genetic improvement for disease resistance may enhance the 
effectiveness of vaccination programs (13, 15). Genetic improvement is a slow, long-term 
process, however, and does not reduce the need for proper sanitation and other preventative 
measures (17). Genetic improvement may be viewed as a part of a disease control strategy, 
not the entire strategy itself. 
Establishment of successful selection programs for increased disease resistance is not 
straightforward in dairy cattle. Selection has been based on direct selection for decreased 
clinical disease in countries with a well-established infrastructure for collection of disease 
incidence data (11). No such database exists in the United States, however, and is unlikely to 
be formed in the near future; thus, indirect selection for enhanced disease resistance is 
required. It has been suggested that measures of immunoresponsiveness may be included in 
selection programs for enhanced disease resistance in domestic species (6, 14, 21). This 
dissertation investigates the potential use of immune response traits in dairy cattle selection 
programs, with emphasis on the functional capability of the neutrophil. The research is part 
of a large on-going field study that examines clinical disease resistance in U.S. Holsteins (5). 
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Dissertation Organization 
This dissertation is written in an alternative format. Following the general introduction 
and literature review, two sections are presented which represent the author's work. These two 
sections are in paper format and will be submitted to scientific journals. The author will be 
listed as the primary author on each paper. A general summary follows these two sections and 
details conclusions and implications of the described work. 
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LITERATURE REVIEW 
Genetic Parameters for Clinical Disease 
Animal breeders use selection as a tool for genetic improvement of domestic 
livestock. Genetic improvement requires that genetic variation is present in the livestock 
population and that animals possessing desirable genotypes can be identified for use as 
parents of future generations. 
Genetic variation for disease resistance has been demonstrated both across breeds and 
wdthin breeds of livestock. Taurine breeds of cattle, such as the N'Dama and West African 
Shorthorn, are able to survive and remain productive in areas plagued by tsetse-transmitted 
African trypanosomiasis (99). Conversely, Bos indicus cattle are much more susceptible to 
trypanosomiasis. The Finnish Landrace breed of sheep has been shown to be more resistant 
than the Romney breed to the effects of sporidesmin. a flmgal toxin responsible for the 
clinical disease facial eczema (95). Similarly, a difference between Romney and Coopworth 
breeds in resistance to ryegrass staggers, a neurotoxic disease caused by ingestion of 
mycotoxin in endophyte-infested ryegrass pastures, has been speculated (96). Of interest to 
dairy cattle breeders, substantial breed differences have been noted in disease incidence rates 
when the Swedish Friesian breed (SLB) was compared to the Swedish Red and White breed 
(SRB) (34, 112). Philipsson et al. (112) stated that overall disease incidence was 6% lower 
in the SRB as compared to the SLB, with sharp contrasts in mastitis and reproductive 
problems due to retained placenta. Eight years later these trends were still apparent, as 
mastitis incidence rates of SLB and SRB cows in first lactation were 15% and 9%. 
respectively (34). 
The dairy industr>' in North America has long been opposed to crossbreeding in dair>' 
cattle. Strong purebred organizations, tradition, the prolific milk production of Holstein 
cattle, and volume-based milk pricing schemes have contributed to this reluctance. Standard 
methods of genetic improvement for health traits wall, therefore, rely upon genetic variation 
present within breeds. Genetic parameters for clinical mastitis have been well studied in 
dairy cattle (137). Recent studies have benefited from advances in computing capacity and 
improvements in statistical methodology in the analysis of binomial traits (152). Uribe et al. 
(152) utilized restricted maximum likelihood procedures (REML) and a threshold model to 
estimate genetic parameters for several dairy cattle production diseases. Single-trait and 
multiple-trait models were employed. A heritability of 0.15 was estimated for clinical 
mastitis incidence in first lactation Holsteins when using a single-trait model. Average 
heritability for mastitis reported from multiple-trait models was 0.146. Additional traits 
investigated in multiparous Holsteins (heritability included in parentheses) were ovarian 
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cysts (0.08), ketosis (0.08), milk fever (0.09), displaced abomasum (0.28), and culling for leg 
problems (0.15). Similar estimates for these specific production diseases in Holsteins were 
reponed in work completed at Iowa State University (86) and Cornell (81). Additionally, 
Lyons et al. (86) grouped specific production diseases into larger categories and estimated 
genetic parameters for the categories. Heritabilities for reproductive, mammary, digestive, 
locomotive, and respiratory categories, as well as a larger category of all health disorders 
summed, were 0.02. 0.12, 0.21, 0.16, 0.02, and 0.17, respectively. Lin et al. (81) reported 
heritability estimates of 0.05, 0.19. 0.12. and 0.19 for retained placenta, metritis, cystic 
ovaries, and mastitis, respectively, in first lactation cows. 
Nationwide systems for recording clinical disease are present in Scandinavian 
countries (34), therefore, it seems likely that data are recorded with greater accuracy in these 
countries. Heritability estimates for clinical mastitis in multiparous SLB cows were 0.04 and 
0.13 when calculated using veterinary treatments only or a combination of veterinary 
treatments and producer culling reasons, respectively (67). Very low heritability estimates 
were reported for fertility disorders in this same study. An earlier smdy (34) completed using 
data collected from both the SLB and SRB populations in Sweden found relatively low 
heritability estimates for clinical mastitis (0.008 to 0.02) when assuming a binomial 
distribution of the data. When heritabilities were recalculated using a threshold model, 
heritability estimates ranged from 0.03 to 0.08 in the same study. Emanuelson et al. (34) 
noted estimates using data from the SRB population were consistently higher than estimates 
from the Swedish Friesian population. Simianer et al. (141) reported estimated heritabilities 
for mastitis, ketosis, and 'all disease" categories that ranged from 0.064 to 0.118 when using 
several different multiple-trait threshold models. 
It is difficult to draw inferences from the Scandinavian studies to North American 
cattle. In all cases, data were drawn from populations unlike the North American population 
and disease-recording methods differed as well. Additionally, methods of statistical analysis 
differed across studies. In general, it does appear that resistance to clinical mastitis does 
have a significant genetic component that could be utilized for genetic improvement. 
Additionally, it appears likely that resistance to metabolic and digestive disorders is under a 
significant amount of genetic control. Heritability estimates for respiratory disorders are 
consistently low, possibly due to low frequency of disease incidence in populations studied. 
Heritability estimates for several individual reproductive traits have been greater than 0.10 in 
North American studies (86, 152), although heritabilities for reproductive disorders as a 
group have been low. 
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Disease traits have also been studied in ruminant species other than dairy cattle. 
Resistance to Haemonchus contortus, Trichostrongylus species, eind other gastrointestinal 
parasites is a priority in the sheep industry in light of the development of several strains of 
anthelmintic-resistant parasites (158). In a review of this subject, Windon (167). noted that 
genetic variability within breeds for resistance to these parasites may be as great as the 
variability shown between breeds. Heritability estimates for resistance to these nematode 
species are remarkably consistent across studies and range from 0.30 to 0.40 (167). 
Heritabilities of this magnitude suggest that significant genetic gains are possible in the ovine 
species for resistance to parasite infection, although most data were collected from flocks 
which underwent direct challenge with the pathogen and a fairly labor intensive measure 
(fecal egg count) was utilized in analyses. A less labor-intensive measure, resiliency or the 
ability to maintain acceptable performance when exposed to nematode challenge, has been 
measured in sheep also. Estimates of the resilience of Romney sheep to withstand 
gastrointestinal nematode challenge ranged from 0.05 to 0.14 (10). Morris et al. (97) 
reported a heritability for logc gamma glutamyltransferase (GGT) of 0.45, where GGT was 
used as a marker of susceptibility to sporidesmin challenge in the Romney breed of sheep. 
Sporidesmin is a flingal toxin responsible for the clinical disease, facial eczema. Problems 
such as gastrointestinal parasitism are not a significant burden on the dairy industry and 
involve different mechanisms of resistance than infectious diseases such as mastitis. 
Nevertheless, there is no reason to believe that genetic variation in resistance to parasitism is 
any less in dairy cattle than has been demonstrated in the related ovine species. 
Limitations to Direct Selection for Increased Disease Resistance in the U.S. 
Based on the results documented in this review of literature, genetic control is 
undoubtedly exerted over aspects of disease resistance. Substantial additive genetic variation 
has been demonstrated to exist in the U.S. dairy cattle population with regards to disease 
resistance. So why are health traits not included in the breeding objectives of the national 
dairy herd? Several industry issues stand in the way of an organized genetic evaluation for 
health traits including unfavorable genetic correlations with production traits and lack of a 
sufficient data-recording scheme. 
Shook (137) reviewed numerous studies in which a positive genetic correlation 
between milk production and resistance to clinical mastitis and other production diseases was 
reported. The estimated genetic correlation was 0.18 between mature equivalent (ME) milk 
yield and clinical mastitis incidence in the study by Lyons et al. (86). In the same study, 
genetic correlations between ME milk and digestive and locomotive disease categories were 
0.44 and 0.48, respectively. Genetic correlation between 305-d milk production and mastitis 
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was estimated at 0.37 in a Canadian study (152). Estimated genetic correlations between 
disease incidence and milk yield were even higher in the Norwegian dairy cattle population 
(141). Genetic correlations between milk yield and clinical mastitis, ketosis, and 'any 
disease" ranged from 0.51 to 0.67. Emanuelson et al. (34) reported similar findings in 
Swedish dairy cattle populations. 
The unfavorable genetic relationship between milk production and clinical disease 
incidence is alarming. If direct selection is practiced for reduced mastitis incidence, genetic 
gain for increased milk production will also suffer. The dairy industry in the U.S. has been 
unwilling to adopt such selection practices because dairy producers derive the vast majority 
of their gross income from sales of milk and its components, although the effects of increased 
emphasis of disease resistance on net farm income have not been fiiliy investigated. 
A significant barrier standing in the way of selection for disease resistance in the U.S. 
is the lack of a data-recording system needed to conduct large-scale progeny tests of bulls. 
Without sufficient data, outliers in the population can not be identified regardless of the 
amount of genetic variation present in the population. Several Scandinavian countries have 
established nationwide recording schemes for disease incidence in domestic livestock. In 
Sweden a recording system of veterinary treatments has been in use since 1984 (67). 
Animals requiring antimicrobials or biologies must be treated by a licensed veterinarian who 
is then mandated to report all treatments to the central recording system where information is 
combined with pedigree records, data from the artificial insemination (AI) industry, and 
production records for genetic evaluation purposes. Breeding values are currently calculated 
for two disease categories in Sweden; mastitis and all diseases other than mastitis. Currently, 
no efforts are underway in the U.S. to implement a similar system of data recording. 
Additional obstacles currently prevent the U.S. from emphasizing disease resistance 
criteria. Heritabilities for health related traits are lower than similar parameters for milk 
production and numerous aspects of dairy cattle conformation. As a result, larger progeny 
group sizes would be required to achieve sufficient accuracy for breeding values for health 
traits. Current practice in the AI industry is to obtain approximately 50 daughters per bull in 
a progeny test, but 100 daughters or more would be required for accurate genetic evaluations 
for health traits (137). Furthermore, profit-robbing diseases such as pneumonia may not 
occur at an incidence rate that is sufficient to conduct a progeny test. Other types of 
domestic livestock such as poultry and sheep have utilized direct challenge with a pathogen 
to aid in the determination of genetic resistance to disease. With the minor exception of 
research facilities, experimental challenge is not well suited for dairy cattle because of the 
high dollar value per individual and long generation interval. 
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In one review of disease resistance in ruminants (167), potential problems with the 
specificity of selection were addressed. Specifically, it was speculated that selection for 
resistance to a particular disease or pathogen may leave the individual more susceptible to 
disease by a second type of pathogen. The classic studies of Biozzi provide an illustration of 
this concept (9). Two lines of mice were created by selective breeding; a high and a low 
antibody response line. Key line differences were determined in the ability of host 
macrophages to eliminate a potential pathogen. The low antibody response line had greater 
macrophage activity, therefore, less antigen was available to elicit an acquired immune 
response. In such a case, neither line had a clear advantage in disease resistance. For 
instance, if antibodies played a dominant role in protection versus a particular pathogen, the 
high antibody response line was favored (167). Conversely, if macrophage activity was 
favored, the low antibody response line was advantaged. The results of this study clearly 
show that animal breeders must work closely with immunologists and others in the field of 
production medicine to determine the appropriate focus of any selection program for disease 
resistance. 
Current Selection Strategies for Disease Resistance in the U.S. 
The dairy cattle breeding industry in North America has not simply ignored disease 
resistance in its breeding objectives. Because of the obstacles discussed in the preceding 
section, especially as they relate to data-recording schemes, current selection focus is on a 
readily available marker of clinical mastitis, somatic cell counts (SCC), and dairy cattle 
conformation. Clinical mastitis is currently the only production disease included in the North 
American breeding objectives. 
Marker traits must possess desirable characteristics to be considered for selection. 
Obviously, the marker trait must be heritable and have a high genetic correlation with the 
disease trait. Additionally, the marker trait should be easily measured and, ideally, be 
measured early in the life of the individual. Routine testing of milk samples for somatic cell 
counts by Dairy Herd Improvement organizations has been in progress for over two decades 
(137), therefore, a substantial database exists to be used for genetic evaluations. Heritability 
estimates of SCC and log SCC or somatic cell score (SCS) have consistently been higher 
than heritability estimates for clinical incidence of mastitis (34, 137). Emanuelson et al. (34) 
reported heritabilities for lactation average SCC in the SRB and SLB populations to range 
from 0.053 to 0.112. considerably higher than heritability for clinical mastitis when viewed 
as a binomial trait. In his review. Shook (137) concluded that the heritability of SCS falls in 
a range of 0.08 to 0.12. Estimates of genetic correlations between SCS and clinical mastitis 
have been consistently greater than 0.5, most in a range of 0.65 to 0.80 (137). Selection 
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based on SCS as a marker trait is theoretically only 80% as effective in reducing mastitis as 
selection directly on mastitis, but is feasible under current production conditions in North 
America (150). Genetic evaluations for SCS have been available in the U.S. since January 
1994 (129). Predicted transmitting ability (PTA) for SCS are routinely published in A1 
progeny test summaries. Additionally, PTA SCS is incorporated into a profitability index 
called Net Merit $. 
The use of PTA for linear type traits has also indirectly been associated with selection 
for greater resistance to mastitis. Pendulous udders are at higher risk of injury and may be 
exposed to greater numbers of mastitis-causing pathogens. The genetic correlation between 
see and udder depth ranged from -0.19 to -0.64 in a study involving multiple Holstein 
populations by Rogers et al. (117). Genetic correlations between SCC and two additional 
udder traits, front teat placement and fore udder attachment, ranged from .00 to -0.51 and -
0.09 to -0.47, respectively (117). Schutz et al. (130) reported similar genetic correlations 
between SCS and fore udder attachment, udder depth, and front teat placement. Currently, 
females are selected as bull mothers based on a combination of PTA for production traits and 
phenotypic appearance with a great deal of emphasis on udder conformation rather than 
single-trait selection for milk yield. The extent to which selection for improved udder 
conformation has enhanced resistance to mastitis is unclear, although it surely has 
contributed to greater udder health in North American dairy cattle. 
The Impact of Molecular Genetics on Disease Resistance in Dairy Cattle 
Tremendous advances in the area of molecular genetics have been made in the past 15 
years. With these advances came expectations of unprecedented improvements in the field of 
animal breeding. In a review of these new techniques, Gogolin-Ewens et al. (41) stated, 
"The decade of the 1980s has seen the development of a technology that has the potential to 
revolutionize domestic animal breeding." As with most new technologies, expectations in 
the short-term were far greater than could be realistically expected. A comprehensive review 
of molecular genetics and its related impact on disease resistance is beyond the scope of this 
literature review. Several examples of the application of molecular genetics to disease 
resistance in dairy cattle will be presented. 
The most significant immunological finding in dairy cattle genetics to date has been 
identification of the genetic defect responsible for bovine leukocyte adhesion deficiency 
(BLAD). Kehrli et al. (62) reported that an apparently healthy Holstein calf suffered from 
chronic progressive neutrophilia. Further tests revealed several abnormalities in neutrophil 
flmction due to deficiency of the CD 18 subunit of the Mac-1 glycoprotein that flmctions in 
leukocyte adhesion and trafficking. Two point mutations were identified in the gene that 
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codes for bovine CDl 8 (138). In 1991 when the mutation was defined, approximately 15% 
of bulls in AI and 6% of the cow population were carriers of this autosomal recessive trait 
(138). Commercial tests to detect the presence of the mutant allele were developed in 1991 
and used extensively in the Al industry. Only 0.4% of bulls sampled for AI were BLAD 
carriers in 1992 and no BLAD carriers have been sampled since that time (114). 
A second, single gene that potentially may have a large impact on dairy cattle disease 
resistance is the natural resistance associated macrophage protein 1 {NRAMPl) gene. The 
NRAMPl gene was originally identified in mice as a candidate gene for Bcg/lty/Lsh locus 
that controls resistance to infection with intracellular parasites such as Mycobacterium bovis. 
Salmonella typhimurium, and Leishmania donovani (155). Later studies demonstrated that 
the NRAMPl gene was indeed responsible for resistance to these pathogens (157). The 
protein product of the NRAMPl gene is an integral membrane protein expressed on 
macrophages (156). Inbred mice strains that are homozygous for a mutant NRAMPl allele 
are susceptible to infection by intracellular parasites. A bovine homolog of murine NRAMPl 
has been identified (35). Preliminary studies with cattle have indicated the allelic variants of 
the NRAMPl gene were indeed associated with resistance or susceptibility to infection with 
Brucella abortus (35). The NRAMPl gene has the potential to have a significant effect on 
the dairy industry where diseases caused by intracellular parasites such as Brucella abortus 
and Mycobacterium paratuberculosis cause significant losses each year. 
The chromosomal region known as the major histocompatibility complex (MHC) has 
been intensively studied in numerous species. The MHC genes and proteins have been 
divided into three classes in mammals: I, II, and III. Class I and II MHC genes code for cell 
surface glycoproteins, while class III genes code for other immunologically important 
proteins such as complement proteins and alpha and beta forms of tumor necrosis factor 
(TNF) (104). As cell surface glycoproteins, the class I and II gene products are responsible 
for cellular communication and are essential elements in cell-to-cell interactions of 
immimoregulation (75). Class I proteins associate noncovalently with a second invariant 
protein, p2-microglobulin, forming the class I MHC receptor. Class I receptors are present 
on virtually all mammalian nucleated cells. The class I receptors express endogenously 
produced proteins in their binding cleft and communicate with cytotoxic T-lymphocytes . 
The MHC class I receptors are critical in the removal and destruction of virally-infected 
cells. Class II receptors consist of two polypeptide chains and are distributed primarily on 
cells that act as antigen-presenting cells. Class II receptors display exogenous proteins that 
are taken in by the antigen-presenting cell and displayed within the context of the MHC. 
MHC class II restriction is imposed by the class II receptors, i.e. T-cell receptors on CD4^ 
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helper cells recognize antigenic peptides that are presented by the MHC class II receptor. 
The class II receptor is. therefore, critical for the control of bacterial types of disease. 
An important characteristic of both MHC class 1 and class II genes is the high degree 
of polymorphism that is apparent in nearly all species studied. In his review of the bovine 
MHC or bovine lymphocyte antigen (BoLA) genes. Lewin offers a number of plausible 
reasons for the extreme polymorphism present in this region (78). Both MHC class I and 
class II receptors are involved in binding and presenting countless peptides on the cell 
surface. It would seem logical to assume that polymorphism is present to maximize the 
number of different antigens that can be expressed on the cell surface; thus, polymorphism is 
likely a result of natural selection (78). 
Because the MHC is intimately related with the immune system, it has been a logical 
choice for study of disease resistance. Resistance to Marek's disease in chickens was 
associated with specific alleles of the avian MHC over 20 years ago (15). The Marek's 
disease virus is a herpesvirus that causes lymphoproliferative disease (75). Divergent 
selection in chickens was practiced to establish susceptible and resistant lines. Birds in the 
resistant line all possessed the MHC associated gene while 97% of the birds in the 
susceptible line carried 5'*^ Lamont notes in her review of the chicken MHC that the 
primary examples of MHC-associated genetic resistance to disease are virally-induced 
diseases, although links to disease caused by non-viral pathogens have also been documented 
(75). 
Clear examples of MHC-associated genetic resistance to disease in dairy cattle have 
been more problematic. Xu et al. (169) revealed that amino acids Glu-Arg at putative 
antigen binding resides 70-71 within exon 2 of the DRB3 gene were found only in cattle 
resistant to the bovine leukemia virus. Independent studies recently reported that increased 
susceptibility to mastitis was associated with a specific allele at the DRB3 locus, DRB3.2*16 
(28, 65). Unfortimately, two different groups reported conflicting results, i.e. DRB3.2*16 
was associated with increased resistance to mastitis (136, 146). One plausible explanation 
for the discrepancy between these results is that cattle populations were in differing states of 
linkage disequilibrium with the DRB3 locus. In other words, it is possible that the DRB3 
locus is serving as a marker that is linked to a separate gene responsible for some aspect of 
the immune response, but while the markers are identical in the conflicting studies the 
unknown linked genes differ. Conflicting results were also found with the relationship 
between bovine class 1 alleles and resistance to mastitis (105, 159). 
Although susceptibility to certain infectious diseases may be controlled to some 
extent by the MHC, it appears that many genes are involved in disease resistance (78). 
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Immune proteins such as cytokines, cytokine receptors, and additional enzymes produces by 
leukocytes have a large impact on the immune response. Although a few cytokines such as 
TNF have been mapped to the MHC chromosomal region (I), a vast number of immune 
proteins have been mapped to non-MHC regions. For example, interleukins 3, 4. 5, and 
granulocyte-macrophage colony stimulating factor have all been mapped to a cytokine gene 
cluster located on chromosome 11 in the mouse whereas the murine MHC maps to 
chromosome 17 (77). Clearly, the search for single-gene effects on the bovine immune 
response will not focus solely on the BoLA region. 
The Future of Selection for Disease Resistance in the United States 
Dairy cattle breeders concerned with selection for enhanced disease resistance face a 
dilemma in North America. As the discussion in the preceding sections illustrated, selection 
in the United States for disease resistance focuses only upon resistance to mastitis and 
utilizes SCS as a marker trait, with indirect selection for enhanced mastitis resistance also 
practiced by improved udder conformation. Several European countries are currently 
practicing direct selection for resistance to mastitis and resistance to other types of disease. 
These countries are in competition with North American AI studs for semen sales across the 
globe, although international sales of U.S. sires in the short-term have remained strong. 
Direct selection for reduced disease incidence in North America is not possible without a 
database of clinical disease incidence information. Additionally, if such a database were to 
be established, current goals for progeny group size are not sufficient for accurate breeding 
values for disease resistance. This is unfortunate, as many infectious diseases other than 
mastitis cause significant economic loss to the dairy industry. Examples include losses due 
to bovine viral or neonatal diarrhea, paratuberculosis, leukosis, and respiratory diseases. 
Furthermore, significant genetic variation has been demonstrated over certain metabolic and 
digestive disorders that contribute to susceptibility to infectious disease such as mastitis. 
The dairy industry is at a crossroads and must decide whether a new path will be 
embarked upon or the status quo will be allowed to continue. In reality, new and current 
strategies will be pursued in the future, as additional information is gained about disease 
resistance to supplement existing selection efforts. New information will continue to be 
provided by molecular geneticists, although it is increasingly apparent that few clear answers 
will be provided by single-loci, with some notable exceptions. Moreover, novel approaches 
to disease resistance are needed by the dairy industry. 
Overview of the Immune System in the Dairy Cow 
If dairy cattle breeders are to take novel approaches to selection for disease resistance, 
it is logical to ask some basic questions including: 
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"Why do dairy cattle become ill?" 
"When are dairy cattle at the greatest risk of clinical disease?" 
"What processes are at work to keep dairy cattle healthy?" 
"Are these processes under genetic control?" 
Considering the answers to these questions may allow us to develop new approaches to 
disease resistance in domestic livestock species. 
The remainder of this review of literature will focus upon resistance to infectious 
disease. Metabolic disturbances, noninfectious reproductive disorders, and other forms of 
noninfectious disease certainly have a significant impact on the dairy industry. The 
underlying mechanisms of control of these disorders are far different from control measures 
required for infectious disease, however, and will not be considered further. 
Infectious disease, by definition, involves the entry and growth of a pathogen within a 
host organism. Broadly speaking, resistance to infectious disease involves three aspects: the 
host's exposure to the pathogenic organism, the host's ability to limit entry of the pathogen, 
and the host's ability to rid itself of the pathogen after initial entry into the host. Aspects of 
the immune system, both innate and acquired, are involved in the latter two areas. 
Pathogen exposure is largely a function of management of the dairy cow's 
environment. Proper sanitation and hygiene, isolation of diseased animals, and quarantine of 
animals prior to introduction into the herd are basic animal care functions that supercede any 
potential genetic improvements in disease resistance (137). Dairy cattle breeders have 
applied indirect selection pressure for enhanced resistance to mastitis by selecting for 
improved udder conformation (117, 130). Udders that are firmly attached, held high above 
the hocks, and have proper front teat placement are more likely to avoid injury' and are less 
likely to face extreme pathogen load at the teat end in poor environmental conditions. Teat 
end shape also appears to influence mastitis incidence (22), possibly due to teat end 
sanitation that is less than optimal. 
Features classified as components of the innate immune system allow the dairy cow 
to limit pathogen entry into tissues. Mucous membranes and epithelial barriers are the first 
lines of defense encountered by pathogens. Physical properties of the skin, including nearly 
continuous coverage of the host and waterproof characteristics, make the skin a vital first line 
of defense (1). Additional anatomical defenses of the dairy cow are found at the teat end and 
relate to the prevention of mastitis. These defenses include the sphincter muscle that 
maintains tight closure of the teat end between milkings and keratin that lines the teat canal 
(145). Keratin is a waxy material that traps pathogens upon initial entry into the teat canal 
and, fiirthermore, contains antimicrobial agents such as cationic proteins to limit pathogenic 
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colonization of the teat end (106). The genetic component of these pathogen-limiting 
defenses is unclear, with the exception of the sphincter muscle. Milking speed is a 
subjectively scored trait routinely collected for genetic evaluations and is likely influenced by 
the strength of the sphincter muscle. Heritability estimates for milking speed are moderately 
high and a genetic correlation greater than 0.4 has been estimated between milking speed and 
SCS (12), suggesting the need to maintain tight closure of the teat canal to avoid mastitis. 
Pathogens that gain entry into the host must survive and replicate to cause disease. A 
complex, interdependent immune system has evolved in mammals to facilitate the removal of 
foreign materials from the host. Several useful reviews have been published on the function 
and regulation of the bovine immune system, particularly as it is related to udder health (63, 
104, 106. 145). Numerous cell populations and soluble defense factors are involved in 
protecting the dairy cow from disease. A brief discussion of the cells involved in the innate 
and acquired arms of the immune system follows, with particular emphasis on the neutrophil 
because of its importance in maintaining dairy cattle health. Detailed information on 
additional aspects of the immune system can be found in any number of excellent 
immunology textbooks (1, 74). 
Several cell types are involved in the protection of the dairy cow from infectious 
disease. Cells which act in a nonspecific maimer include granulocytes (neutrophils, 
eosinophils, and basophils), monocytes and macrophages, and natural killer cells. These 
cells help to form a second line of defense against infection. On the other hand. B-
lymphocytes and multiple T lymphocvte populations act in a pathogen specific maimer and 
are responsible for acquired immunity, the third line of defense. 
Neutrophils receive special attention in the dairy cow because of their important role 
in the prevention of mastitis. The neutrophil is the dominant cell type found in infected 
mammary tissues. Somatic cell counts in milk secretions from infected quarters may be 
greater than 10^ cells/ml with greater than 95% of cells identified as neutrophils (63). In 
contrast, SCC in healthy udders is generally less than 10' cells/ml and the predominant cell 
type is the macrophage. The tremendous influx of neutrophils in the udder during a mastitis 
episode is part of the inflammation response that occurs at the early stages of an infection. 
Neutrophils migrate out of the bloodstream into infected tissues in response to inflammatory 
mediators such as thromboxanes, leukotrienes, cytokines, and complement factors (147). 
Neutrophils are nonspecific effector cells that ingest and destroy pathogens using a variety of 
mechanisms including oxygen-dependent and oxygen-independent killing mechanisms (145). 
Defects in neutrophil function have ver> serious, often lethal consequences. Cattle afflicted 
with BLAD suffer chronic infections and die prematurely due to a defect in the trafficking of 
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neutrophils to the site of infection (62). Chronic granulomatous disease (CGD) in humans 
results in the inability to form functional NADPH oxidase that is required for the oxygen-
dependent killing of pathogens (147). Additional evidence from dairy cattle suggests that the 
duration and severity of mastitis is critically related to the rapid migration and bactericidal 
activity of leukocytes (145). Neutrophil heterogeneity has been identified in humans (36) 
with functional differences described for two subpopulations of mature neutrophils (32). The 
existence and ramification of functionally different bovine neutrophil populations has not 
been addressed. 
Macrophages are also nonspecific phagocytic cells. Like the neutrophil, the 
macrophage actively ingests pathogens in the mammar\ gland, as well as in other tissues 
(145). Unlike the neutrophil, the macrophage provides an important link between 
nonspecific innate defenses and the acquired immune system (1). Macrophages function as 
antigen presenting cells (APC) by enzymatically processing ingested pathogen and 
expressing the antigen within the context of MHC Class II receptors at the cell surface. 
Expression of processed antigen within the context of the MHC allows interaction between 
the APC and helper T lymphocytes. Other cell types that ftmction as APC include B 
lymphocytes, dendritic cells, and Langerhans' cells (104). Milk components as well as 
pathogens are indiscriminately consumed by macrophages in the udder, making the 
macrophage a critical cell type in the involution of the udder in healthy cattle (145). 
Neutrophil populations dwarf macrophage coimts in infected tissues (63). 
Natural killer (NK) cells form a third class of nonspecific leukocytes and havfe 
received relatively little attention in dairy cattle immimology in comparison to the neutrophil 
and lymphocyte populations. NK cells have been described as "phylogenetically primitive 
CTLs (cytotoxic T lymphocytes) that lack the specific T cell receptor for antigen 
recognition" (1). Just like cytotoxic T lymphocytes. NK cells participate in the removal of 
viral-infected cells and other "altered-self' cells. Additionally, NK cells contain Fc receptors 
which allows them to lyse pathogens that have been opsonized or coated with 
immunoglobulin (Ig) (145). NK cells destroy target cells by degranulation and release of 
perforins, cytotoxins, serine esterzises, and proteoglycans (1). Additionally, NK cells 
generate potent cytokines including IFN-y and TNF-a. Shafer-Weaver and Sordillo (133) 
isolated cells with NK cell-like properties from the bovine mammary gland tliat exhibited 
bactericidal properties. 
Eosinophils and basophils are also part of the innate immune system. Both cell 
groups are found at very low concentrations in the circulation. Eosinophils and basophils 
express high affinity receptors for the IgE class of immunoglobulin (1). Both cell 
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populations are critical for resistance to internal parasites. Woolaston (168) reported that a 
selection line of sheep resistant to Haemonchus coniortus had significantly higher circulating 
levels of basophils than a susceptible line. Participation by these granulocytes in the control 
of infectious disease is probably minimal. 
Lymphocyte populations and soluble factors produced by these groups comprise the 
third line of defense, specific or acquired immunity. The cell populations responsible for 
acquired immunity can be broadly split into two groups: B and T lymphocytes. Additionally, 
multiple subpopulations of T lymphocytes have been shown to exist in mammals. Acquired 
immunity differs from earlier phases of host defense in that the weapons of the immune 
system are directed towards specific antigens in contrast to the nonspecific actions of 
phagocytic cells and soluble mediators such as complement. Furthermore, immimologic 
memory is expressed by this phase of the host defense. Acquired immunity may be divided 
into humoral and cell-mediated immunity, although there is clear overlap between the two 
divisions in much the same way as overlap exists between innate and acquired immunity. 
The primary function of the humoral arm of acquired immunity is to produce 
antibodies to specific antigens. Antibodies are produced by B-lymphocytes following an 
encounter with a particular antigen. Immunoglobulins are expressed on the surface of B cells 
and are utilized to recognize specific pathogens. The B lymphocytes ftmction as APC also; 
therefore, after an antigen is recognized and bound by cell surface markers, the antigen is 
consumed, processed, and re-expressed on the cell surface by MHC Class II receptors. 
Helper T lymphocytes may engage the newly expressed antigen and release cytokines that 
stimulate the B lymphocyte to develop into a plasma cell or a memory cell. 
Antibodies found in mammary secretions are produced within the udder itself or can 
be selectively transported from the circulation. Four Ig classes can be found in the udder of 
the dairy cow: IgGi, IgGi, IgA, and IgM (145). Immunoglobulin concentration varies 
depending of the stage of lactation and health of the udder. The predominant Ig in healthy 
udder secretions is IgGi, although IgGi, IgGa, and IgM may all ftmction as opsonins (145). 
Lymphocytes that reside in the mammary gland are capable of producing Ig, but antibody 
levels in milk are approximately 1/20^"^ those in serum (106). Changes in the vascular 
endothelium during an inflammatory response allow greater amounts of antibody to cross 
from blood to milk but this increase is too late to be relevant in the early defense of the udder 
against mastitis (106). 
Populations of T lymphocytes participate in humoral and cell-mediated immunity. 
The T lymphocytes can be broken into several subpopulations that are ftmctionally distinct 
and may be defined molecularly based on cell surface markers. Populations of T cells can be 
divided into yd T cells and ap T cells which include important subpopulations of helper, 
cytotoxic, and suppressor T cells. Both T-cytotoxic and T-suppressor cells display the CDS 
cell surface marker. 
The population of T-helper cells is clearly vital to the establishment of acquired 
immimity. The chief function of the T-helper subpopulation is the production of cytokines as 
a result of recognition of antigen presented within the context of a MHC Class II receptor 
(145). The T-helper cells are vital for the activation of B-lymphocytes, additional T 
lymphocvte populations, and phagocytic cells through production of cytokines. Helper T 
lymphocytes are the predominant T lymphocyte in the peripheral blood, but are oumiunbered 
by CD8^ cells in healthy mammar>' tissue (145). 
The T-cytotoxic lymphocytes are responsible for the effector flmctions of cell-
mediated immunity. Cytotoxic T cells display the CDS cell surface marker and recognize 
antigen displayed in the context of the MHC Class I receptor. Because virtually all nucleated 
cells display Class I receptors on the cell surface and these receptors display endogenously 
produced peptides, cytotoxic T cells have a chief fimction of destroying so-called "altered-
seir cells. Examples of the targets of this T cell population include virus-infected cells and 
cancer cells, although a scavenger role has been suggested where damaged or old cells are 
removed (145). 
The circulation and distribution of the y6 T cells in ruminants differs significantly 
from other mammalian species (104). The yd T cell populations in sheep and cattle localize 
to mammary and peripheral lymph nodes rather than tissues associated with the common 
mucosal immune system (45). A variety of functions have been credited to the yd T cells 
including MHC-independent NK activity and MHC-associated cytotoxicity (145). Mammary 
tissues contain greater yd T cell numbers than found in the peripheral blood, suggesting a 
possible role in defense against bacteria which cause mastitis (132). 
Soluble defense factors have already been mentioned with a central role in humoral 
immunity. Many factors other than Ig aid in die protection of the host from infection as 
reviewed by Sordillo et al. (145). Nonspecific factors include complement, conglutinin, 
lactoferrin, lysozyme, and the lactoperoxidase-thiocyanate-hydrogen peroxide system. 
Nonspecific factors may destroy pathogens directly, limit pathogen growth, or act as 
opsonins. Immunoglobulins produced by plasma cells primarily function as opsonins to 
facilitate the removal of pathogens by phagocytic cells and other cells capable of antibody-
dependent-cellular cytotoxicity. A final class of soluble defense factors includes potent 
immimoregulatory compounds termed cytokines. A plethora of literature exists that 
identifies and attempts to elucidate the primary functions of each cytokine. Sordillo et al. 
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(145) stated that over 30 different cytokines had been described as of 1997. The list has 
grown to over 50 identified cytokines in the interim and continues to expand. Cytokines are 
produced by all the cell types described in this review and may impact such functions as 
cellular growth, differentiation, phagocytosis, and may possess effector functions as well. 
Because of the immunoregulatory role of c>tokines, this class of compounds has been the 
subject of numerous studies in the bovine mammary gland (145). 
Polygenic Control of the Immune System 
Familial resistance to infectious disease has been documented for over a century 
(151). Geneticists have practiced selection for enhanced immune responsiveness with 
laboratory and domestic animal species since the 1930's (37). The classic experiments of 
Biozzi (9) stimulated renewed interest in the field of immunogenetics. 
Many breeding experiments have focused on single-trait selection for a particular 
parameter of the immune system, documenting direct and correlated selection responses. 
Antibody responses to innocuous T-dependent antigens have often been used as the primary 
selection trait. Within 5 different experiments with the Biozzi mice, selection was practiced 
against sheep erythrocytes (SRBC), pigeon erythrocytes, two antigens fi-om Salmonella 
species, rabbit gamma globulin, and bovine serum albumen (BSA) (9). Divergent selection 
was practiced for multiple generations in the Biozzi experiments, creating high and low lines 
for antibody response. Differences between high and low selection lines ranged from 85 to 
310-fold in mean agglutinin titer to the antigen upon which selection was based. Estimates 
of realized heritabilities for antibody response were consistently in the range of 0.18 to 0.22. 
As responses to all the antigens used by Biozzi are T-cell dependent, the consistency of die 
genetic parameter estimates is not surprising. Differences in antibody response were 
maintained in divergent selection lines when unrelated antigens were utilized as immuni2dng 
agents, indicating that selection had altered humoral immimity in a general fashion. The B 
lymphocytes in high and low response lines did not differ in the amount of antibody released 
from individual plasma cells, although B lymphocytes in the high response line multiplied 
and differentiated at significantly faster rates (9). 
Perhaps the most valuable item revealed by the Biozzi experiments was that critical 
aspects of the immune system are under separate and distinct polygenic control. A correlated 
response to divergent selection was noted in macrophage function (9). Although the 
ingestion capabilities of macrophages did not differ between selection lines, the rate of 
intracellular catabolism of ingested antigen was much more rapid in the low antibody 
response lines. Slow antigen processing and degradation in the high antibody response line 
allowed antigen to be presented on die surface of macrophages for longer periods of time. 
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allowing greater stimulation of humoral immunity. Because of the more rapid clearance of 
ingested pathogens, the low antibody response line was less susceptible to infection with 
facultative intracellular parasites. Selection lines did not differ in measures of cell mediated 
immunity (9). 
Several selection projects were initiated in the wake of the Biozzi mice. Results of 
direct selection for increased antibody response to T-cell dependent antigens have been 
similar to the results of Biozzi, although correlated responses have differed. The heritability 
of primary antibody response to SRBC in chickens was estimated as 0.31, using an animal 
model to estimate genetic parameters within a selection project in the Netherlands (113). In 
the same project antibody response to BSA, a second T-cell dependent antigen, resulted in 
large differences in the magnitude of the immune response in divergent selection lines (109). 
In contrast to the Biozzi experiments, however, no significant line differences were found in 
macrophage activity (73). Additionally, response of T-cells to concanavalin A (Con A) was 
found to be greater in low antibody response lines (72), although a second report could not 
find any line differences in response to T-cell mitogens (109). Antibody response to 
Escherichia coli was investigated in broilers by Heller et al. (47). Selection for increased 
antibody production was successful in these meat-type birds, but in contrast to the 
experiments above, high antibody response lines also responded with significantly greater T-
cell proliferation after stimulation with mitogen and enhanced phagocytosis of antigen 
suggesting correlated changes in cell-mediated immunity (.47). Estimates of genetic 
correlations between measures of phagocytosis, humoral-, and cell-mediated immunity were 
positive and low to moderate in magnitude in this study. 
Distinct genetic regulation has been demonstrated in single-trait selection for 
additional measures of immunoresponsiveness. Stiffel et al. (148) reported that divergent 
selection for enhanced T lymphocyte proliferation in response to mitogenic stimulation was 
successfiil. Realized heritability for response to phytohemagglutinin (PHA) was estimated as 
0.28, with similar responses noted due to the mitogen Con A. Selection lines did not differ in 
B lymphocyte (148) or macrophage ftmction (149), prompting speculation that signal 
transduction in T lymphocj^es in the low responder line was altered. 
Two selection projects have implemented a multiple-trait index approach to breeding 
for divergent immunoresponsiveness (58, 90). Kean et al. (58) utilized an 
immimocompetence index based on four traits in White Leghorns; antibody production to 
Mycoplasma gallisepticum and Pasieurella multocida, reticuloendothelial clearance of 
colloidal carbon, and wing-web response to PHA. Selection response over 7 generations was 
generally successful in increasing responsiveness in the high-immune-response lines for the 
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components of the index, in spite of estimated negative genetic correlations between traits in 
the selection index. Response behaved erratically between replicates and between 
generations across replicates. Interaction of selection line (high or low) and replicate was 
significant in several instances, indicating that although selection for enhanced 
immunoresponsiveness was successful in each case, the replicates may have differed in the 
manner in which this enhanced responsiveness was achieved. Estimates of heritability for 
antibody production to the two bacterial species ranged from 0.21 to 0.31, while heritabilities 
for phagocytic activity measured by carbon clearance and response to PHA measured by 
wing-web response were estimated at 0.06 and 0.08. respectively (58). 
Divergent selection in Yorkshire hogs has been practiced using an index containing 5 
immunocompetency measures. Measures were selected based upon estimates of genetic 
parameters in foundation populations (90). Immune response variables (and heritability 
estimates following one generation of selection) include antibody response to Hen Egg White 
Lysoz>'me (HEWL) (h^ = 0.25), T-cell response to Con A (h^ = 0.23). measures of delayed 
type hypersensitivity (h" = 0.08), serum IgG levels (h~ = 0.08), and monocyte uptake and 
killing of Salmonella typhimurium (h* = 0). Inclusion of monocyte measures was 
discontinued in 2"'^ and later generations. After one generation of selection, significant 
differences were reported between high and low response lines in three variables included in 
the index; antibody response to HEWL, delayed type hypersensitivity to purified protein 
derivative of Bacillus calmette guerin. and T-cell response to Con A (90). Experiments with 
later generations of the project demonstrated that animals in the high immunocompetence 
line had greater antibody titers and fewer non-responders following administration of 
commercial vaccines (87). No clear line advantage was present in resistance to clinical 
disease caused by induced infection with Mycoplasma hyorhinis (88). 
Planned selection experiments for enhanced immunoresponsiveness have not been 
conducted in dairy cattle to date. Divergent selection for increased antibody production 
against diphtheria toxoid has been practiced in goats (33). Selection in this case has been 
reasonably successful, although response to selection has diminished over the course of the 
experiment. 
Based on the results of selection experiments discussed in the preceding paragraphs, 
it seems obvious that the responsiveness of the immune system can be altered via genetic 
selection. It seems equally obvious, however, that enhancement of one particular aspect of 
immune function does not guarantee improved responsiveness in all aspects of immune 
fimction. In fact, selection for improved responsiveness in one area may leave an individual 
more susceptible to the effects of certain pathogens. Care must be taken when selecting traits 
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upon which to base selection for enhanced immunoresponsiveness and selected populations 
must be carefiilly monitored to minimize undesirable correlated responses. 
Polygenic Control of the Immune System: Field Studies 
Estimates of genetic parameters for immunoresponsiveness have been provided for 
dairy cattle breeds via field studies. Serum proteins such as complement and 
immunoglobulin have been studied for over 20 years, and genetic control of measures of the 
immune system based on the function of live cells in vitro has been studied more recently. 
Non-specific serum proteins with immunological fimction include complement, 
lysozyme, and conglutinin. Heritability estimates of senmi complement and lysozyme levels 
in Norwegian Red dairy cattle have been greater than 0.50 (79, 80). Serum complement and 
conglutinin levels were investigated in Holstein cattle before, during, and after periparturient-
induced immunosuppression (27). Heritability estimates for serum conglutinin were 
negligible in all periods, and heritabilities for complement during and after 
immunosuppression were slightly lower than Scandinavian estimates. 
Genetic variation in serum immimoglobulin levels has been documented in dairy 
cattle (27. 79, 92). Heritabilities for Ig isotypes IgGi, IgG2, IgM, and IgA ranged from 0.09 
to 0.14 in a study in Canada which utilizing blood samples from over 1.200 animals (92). 
Heritabilities estimates for IgGi. lgG2, and IgM tended to be higher in periparturient 
Holsteins, ranging from 0.00 to 0.84 (27). It must be noted that the study completed by 
Detilleux et al. (27) was smaller in scope and utilized animals in a different physiological 
state than the Canadian study (92). 
Significant differences (/*<0.001) in sire progeny groups were reported in circulating 
levels of total leukocytes, as well as levels of mononuclear cells and granulocytes (64). 
Detilleux et al. (27) reported limited genetic variation in circulating levels of neutrophils, 
eosinophils, and mononuclear cells in periparturient cattle. Heritabilities for mononuclear 
cell counts before, during, and after immunosuppression were 0.10, 0.40, and 0.07, 
respectively. Other non-zero heritabilities for leukograms included neutrophil count after 
immunosuppression (0.87) and eosinophil count before immunosuppression (0.25) (27). A 
field study in swine reported heritabilities of 0.44, 0.87, and 0.00 for total leukocyte, 
neutrophil, and lymphocytes counts, respectively (31). 
Genetic parameters for T-cell proliferation induced by mitogens have been reported 
in dairy cattle and are similar to estimates from other species (27). Genetic variation was 
demonstrated in stimulation by Con A and PHAP, although heritabilities ranged from 0.00 to 
0.40 for the two measures within the three time periods defined within the periparturient 
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study. In an earlier midlactation study, significant sire progeny group differences were 
reported in lymphocyte response to Con A, PHAP, and pokeweed mitogen (64). 
Neutrophil ftmction has been characterized in dairy cattle in much more detail than 
other species, presumably due to the importance of the neutrophil in combating udder 
infection. Significant sire progeny group differences were reported in in vitro measures of 
neutrophil migration, ingestion of opsonized target cells, production of superoxide anion, 
myeloperoxidase activity, and extracellular killing capacity (64). An earlier study reported 
considerable variation among individual animals in the capacity to phagocytose and kill 
Staphylococcus aureus (164) and suggested that testing of neutrophil function in dairy bulls 
entering A1 may provide a basis for selection to combat disease. Table 2 contains heritability 
estimates of several neutrophil fimction assays performed within the periparturient period 
(27). In general, measures of oxidative metabolism showed moderate heritabilities across 
periods of immunosuppression and heritabilities of measures of bacterial killing capacity 
were low. Furthermore, ingestion of opsonized target cells and neutrophil migration may be 
under moderate genetic control (27). In one of the few papers to discuss genetic control of 
neutrophil function outside of the dairy species, Edfors-Lilja et al. (31) reported a moderate 
heritability (h^ = 0.32) for peak chemiluminescence activity per 10^ neutrophils. 
Two studies have investigated the effect of the bovine MHC on 
immunoresponsiveness traits (29. 161). Immunocompetency measures in both studies 
included neutrophil function, lymphocyte blastogenesis. serum proteins, and leukograms. 
Both studies utilized relatively small populations of dair>' cattle, therefore, results must be 
verified and interpreted with caution. Several alleles of the BoLA A locus (Class I MHC) 
were associated with enhanced or diminished immunocompetence (161). Sire progeny group 
differences were reported for the response measures in addition to class I alleles, indicating 
that background genes other than the MHC were at least panially responsible for genetic 
control of immune function (161). Bovine MHC class II genes have also been linked to 
altered immune responsiveness (29). 
Neutrophil Function in Dairy Cattle 
The inflammatory response is a means to combat pathogens and promote tissue 
healing. Ideally, the acute inflammatory response should be rapid, completely destroy the 
penetrating pathogen, eliminate toxic compounds produced by the pathogen, and damage to 
self-tissues should be minimal (18). The neutrophil is a critical effector cell within the 
inflammatory response, although it also participates in the afferent limb of the immune 
response via limited secretion of cytokines (82). 
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Table 2. Restricted maximum likelihood estimates of heritability and approximate standard 
errors for immunological assays before, at. and after immunosuppression, as reported by 
Detilleux et al. (27). 
Periparturient Immunosuppression 
Immunological assays Before During After 
Serum concentration 
IgM 0.74 ±0.30 0.55 ± 0.29 0.85 ±0.33 
IgG, 0.00 0.29 ± 0.23 0.43 ± 0.27 
IgG, 0.25 ±0.26 0.63 ± 0.23 0.24 ± 0.26 
Neutrophil assays' 
Random migration 0.30 ±0.30 0.00 0.47 ± 0.47 
Ingestion 0.26 ±0.32 0.00 0.27 3: 0 42 
Cytochrome c reduction 0.22 ±0.31 0.88 ±0.35 0.99 ± 0.22 
lodination 0.51 ±0.38 0.25 ± 0.20 0.00 
Resting chemiluminescence 0.53 ±0.36 0.19 ±0.35 0.00 
Stimulated chemiluminescence 0.00 0.71 ±0.37 0.30 ±0.56 
Lymphocyte blastogenesis'" 0.16 ±0.30 0.40 ±0.31 O.OI ±0.32 
Number of blood monocytes'* 0.10 ±0.27 0.40 ±0.38 0.07 ± 0.36 
' Logarithm on basis 10 of concentration in nanograms per milliliter of serum. 
" Logarithm on basis 10 of ratio of laboratory standards. 
^ Blastogenic response to the mitogen concanavalin A. 
^ Square root of number of cells per milliliter of blood. 
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The role of the neutrophil in resistance to mastitis has been well known for some time 
(108, 126). Intramammarv- infusion of an irritant, such a 0.1% oyster glycogen, or bacterial 
species causes a rapid and massive milk leukocvtosis (108). The increased leukocyte 
population is composed of over 90% mature neutrophils that have been drawn out of the 
circulation (108). The role of the neutrophil is not confined to the mammary gland, however. 
Systemic and local infections incurred by individuals with CGD or cattle afflicted by BLAD 
illustrate the broad role for the neutrophil in the inflammatory response. 
The mature lactating dairy cow maintains a neutrophil population estimated at 200-
500 billion mature cells O08. 126). Neutrophils may be found in the circulation and in 
marginal storage pools adhering to the walls of blood vessels, while a reserve is maintained 
in the bone marrow (126). The neutrophil must leave these storage pools and migrate to 
infected tissues to eliminate a pathogen. The elimination of pathogen is dependent on at least 
4 major steps (18); diapedesis, chemotaxis, phagocytosis, and intracellular killing. 
Additional critical functions of the neutrophil include extracellular killing of pathogens that 
resist phagocytosis (83) and cytokine production (82). Impaired function within any of these 
steps can compromise the disease resistance of the afflicted individual. Each of these critical 
fimctions will be discussed briefly in the following sections. 
Margination and Diapedesis 
Adhesion molecules routinely expressed at the cell surface include L-selection (76) 
and the p2-integrin adhesion molecule known as Mac-1 (66). The activation status of the 
neutrophil determines which adhesion molecule is most numerous at the cell surface. 
Circulating and marginating pools of neutrophils express high levels of L-selectin at the cell 
surface (16) prior to stimulation by chemotactic factors. The interaction of a lectin domain 
within L-selectin and sugar moieties expressed at the surface of the vascular endothelium 
allow neutrophils to marginate or roll along the walls of the blood vessel (76). The loose 
adhesion due to L-selectin allows the neutrophil to survey the vascular endotheliiun for 
inflammatory signals necessary for activation (16). 
Various inflammatory signals activate the marginating neutrophil including platelet 
activating factor, complement components, leukotrienes, and bacterial compounds such as 
lipopolysaccharide (147). Upon activation, neutrophils quickly upregulate expression of 
Mac-1 and shed L-selectin (16). Mac-1 is a CD 1 Ib/CDl 8 heterodimer that is responsible 
for tight adhesion of the neutrophil to the vascular endothelium (66). Hyperadherance of the 
neutrophil is dependent on the interaction of the CD 18 molecule with its ligand, ICAM 1 
(66). Activation of the neutrophil not only causes changes at the cell surface, but also causes 
rearrangement of the neutrophil cytoskeleton (147). Cytoskeletal rearrangements allow the 
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neutrophil to escape the blood stream by passing through vascular endothelial junctions that 
widen in response to stimulants of 1,4,5-ionosine triphosphate (147). 
Reduced expression of L-selectin and Mac-1 can impair the ability to fight infectious 
disease. Individuals suffering from leukocyte adhesion deficiency do not express functional 
CD 18. eliminating hyperadherance that is required for extravasation (59). Such individuals 
suffer from multifocal infections that can not be eliminated because neutrophils are trapped 
within the circulation and unable to reach the infected tissues. Likewise, low expression of 
L-selectin reduces marginating pools of neutrophils. Exogenous glucocorticoids have been 
demonstrated to downregulate L-selectin expression (16). Mature and immature 
neutrophilias and increased shedding of bacteria from mammary glands subclinically infected 
with Staphylococcus aureus coincided with the downregulation of L-selectin in dairy cattle 
(16), indicating increased bacterial growth in the udder at this time. Increased somatic cell 
counts, decreased shedding of bacteria, and increased clinical signs of mastitis accompanied 
the return of L-selectin to the neutrophil surface. 
Chemotaxis 
Neutrophils move toward an inflammatory focus by following a concentration 
gradient of chemotactic factors in a process known as chemotaxis (147). Well-known 
chemoattractants involved in the defense of the mammary gland include complement 
fragment C5a, TNF-a. interleukin-l (IL-1), IL-6, and IL-8 (139). To migrate through the 
vascular endothelium and undergo chemotaxis the neutrophil must continuously remodel 
their cytoskeletal elements and change shape (11). The coordinated restructuring is 
accomplished via regulated polymerization and depolymerization of globular and 
filamentous actin (52). The kinetics of neutrophil shape change and actin polymerization are 
noticeably different (11). Peak actin polymerization occurs rapidly (within 30 seconds) upon 
initial stimulation of the bovine neutrophil but shape changes, such as pseudopodia or 
membrane ruffle formation, occur at a slower rate, reaching maximal shape-change in about 
2 minutes following in vitro stimulation (11). Stimulation of neutrophils by chemoattractants 
C5a, PAF, and zymosan leads to similar kinetic profiles which suggest that stimuli induce 
actin polymerization through a common pathway or that multiple pathways with similar 
kinetics exist (11). 
Phagocytosis 
Phagocytosis is the process of recognition, ingestion, and digestion of foreign 
particles by cells (108). Neutrophils, along with macrophages, are the principal phagocytes 
within the immune system. Effective killing of pathogens utilizes weapons such as 
superoxide anion and hydrogen peroxide that are also toxic to surrounding tissues. The 
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controlled release of these toxic compounds within phagocytic vacuoles minimizes the 
damage that may occur to surrounding tissues. 
Phagocytosis begins with adherence between the neutrophil and the foreign particle 
(108). Just as in chemotaxis, rearrangement of the filamentous actin-based cytoskeleton is 
required to completely engulf the pathogen (52). Once drawn into the neutrophil, the 
pathogen is enclosed within the phagosome that is bounded by a membrane. The hydrogen 
ion concentration in the phagosome increases during phagocytosis, causing pH to drop within 
the phagosome (118). Several important enzymes, including myeloperoxidase and acid 
hydrolases, function optimally at low pH (118). 
Opsonization, the coating of a pathogen with antibody or complement, promotes 
pathogen uptake although is not essential for phagocytosis to occur. The cell membrane of 
the neutrophil contains receptors to facilitate the binding of complement components (18). as 
well as Fc- receptors for binding pathogens coated in immunoglobulin (108). 
Immunoglobulin M (165) and IgG2 (48) are important opsonins of typical mastitis pathogens. 
Opsonins are required for antibody-dependent neutrophil cvtotoxicity (23). Lectins and 
hydrophobic properties of cell surfaces also contribute to pathogen uptake (18). 
Certain bacterial strains resist phagocytosis (83). particularly bacteria such as S. 
aureus that form an outer capsule. Also, phagocytic ability is reduced in neutrophils isolated 
from milk in comparison to those isolated from blood (108). Ingestion of fat globules and 
casein micelles interferes with the ability of the neutrophil to ingest foreign particles. 
Lytic Mechanisms 
Granules within the cytoplasm contain the weapons used by the neutrophil including 
antimicrobial agents and enzymes needed for generation of oxygen-dependent killing 
mechanisms. Azurophilic (primary) granules contain important enz>'mes such as 
myeloperoxidase, acid hydrolases, and neutral proteases (118). The diverse content of 
primary granules allows the neutrophil defenses to work in the changing pH conditions of the 
phagosome. Primar}' granules also may contain lysozyme and cationic proteins. Specific 
(secondary) granules contain mainly lysozyme and lactoferrin (170). A third type of granule 
is unique to the bovine neutrophil and contains toxic compounds that operate independently 
of oxygen (38). 
Oxidative mechanisms are the most powerful weapons used by the neutrophil (147). 
Bactericidal activity relies on an oxygen-consuming process termed the respiratory burst. A 
critical component in the respiratory burst is the enzyme nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase (147). NADPH oxidase is not active in the resting neutrophil, 
but is stored as four separate components that are found both in the cytosol and on the 
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membrane of the neutrophil. The assembly of NADPH oxidase is mediated through 
activation of diacylglycerol and protein kinase C (147) and energy needed to drive the 
production of superoxide anion is provided by the hexose monophosphate shunt (102). 
Upon activation of the neutrophil and formation of a phagosome, NADPH oxidase 
components are assembled and act upon molecular oxygen (O2) to produce superoxide anion 
(O2") (2). In a second reaction, superoxide dismutase catalyzes the formation of hydrogen 
peroxide from superoxide anion and hydrogen. .Although hydrogen peroxide is a toxic 
compound itself at high concentrations, another series of reactions convert H2O2 and 
additional superoxide anion to singlet oxygen and hydroxyl radicals (18). Oxygen free 
radicals such as these are very unstable compounds and readily interact with the lipid of 
bacterial cell membranes, causing potentially lethal damage to the pathogen (147). Although 
damage to host tissues is minimized when oxygen metabolites are generated within the 
neutrophil, oxygen metabolites are also utilized for extracellular pathogen destruction if a 
specific pathogen resists phagoc>tosis (83). Oxygen metabolites are also believed to 
neutralize bacterial endotoxins (49). The generation and toxicity of oxygen metabolites have 
been reviewed (118). 
.A. major intracellular killing mechanization that relies upon oxidative metabolism in 
the neutrophil is the H202-myeloperoxidase-halide system (118). The enzyme 
myeloperoxidase catalyzes the reaction between H2O2 and halogen ions. Typically chlorine 
anions are used in this reaction, forming hypochlorous acid (HOCl) with potent bactericidal 
properties (110). Proteins chlorinated by HOCl are more susceptible to degradation by 
proteinases and are more immunogenic, thus, release of chlorinated proteins from the 
neutrophil may provide an important link to the adaptive immune response (91). 
Myeloperoxide also plays an important role in termination of the respiratory burst (102). The 
enzyme lactoperoxidase catalyzes a similar reaction in the mammary gland in the presence of 
H2O2 and thiocyanate (106), although the effectiveness of this system in the bovine udder has 
been questioned (145). 
Microbicidal mechanisms that operate independently of oxygen are used by the 
neutrophil to defend against Gram-positive and Gram-negative organisms. Bactericidal and 
fungicidal activities of neutrophils under anaerobic conditions are reduced by 50-70% when 
compared to similar activities under aerobic conditions (118). On the other hand, oxygen-
independent mechanisms offer additional protection to the bovine mammary gland in the 
presence of low oxygen surface tensions that impair oxygen-dependent processes (2). Large 
granules within the neutrophil distinct from azurophilic and specific granules were first 
reported by Gennaro et al. (38). The contents of these granules were shown to operate 
33 
independently of oxygen derivatives and were operational at physiological pH and 
concentrations of mono- and divalent cations (38). Potent bactericidal activity was 
demonstrated in vitro at even low concentrations of resolved protein fractions and various 
protein fractions displayed selectivity toward their bacterial target. Strains of S. aureus were 
most resistant to cell damage at neutral or alkaline pH (42). Various basic proteins (42) 
including small antimicrobial peptides called defensins (131) have been identified. These 
proteins may be released into phagosomes and extracellularly (38). 
Lactoferrin is an iron-binding protein that sequesters free ferric ions, limiting the 
growth of bacteria with iron requirements (145). Lysozyme functions by cleaving 
peptidoglycans from the outer cell wall of bacteria, and may work synergistically with 
complement, secretory IgA, and lactoferrin within the mammary gland (145). 
Cytokine Production 
Cytokines are immunoregulatory proteins that orchestrate the immune response. 
Previous dogma viewed the neutrophil as a terminally differentiated cell, incapable of protein 
synthesis, participating only in the efferent limb of the immune response (82). Current 
dogma suggests that the neutrophil can synthesize and secrete a limited array of cytokines in 
small amounts (21). Although the amount of secreted protein is much smaller than the 
amount secreted by T lymphocytes or macrophages on a per cell basis, the massive influx of 
neutrophils to inflammation sites accounts for a considerable proportion of cytokine 
produced during an inflammatory' episode (21). 
Interleukin-8 is the major secretory product of the neutrophil (4, 21, 82). Messenger 
RNA for IL-8 has been found in resting neutrophils and neutrophils stimulated with LPS and 
zymosan, thus it appears that IL-8 is constitutively produced (4). Interleukin-8 is a potent 
chemoattractant for the neutrophil (139) and enhances bactericidal activity of the neutrophil 
(4). Production of this cytokine by early arriving neutrophils at an infection site will result in 
recruitment of additional phagocytic cells and potentiate the killing capacity of neutrophils 
early in the infection process (142). 
The inflammatory cytokines TNF-a and IL-ip are produced by neutrophils (4). 
Resting neutrophils and neutrophils stimulated for less than 6 hours do not produce these 
cytokines (20). Both TNF-a and IL-ip are key members of the inflammatory cascade, 
eliciting production of chemoattractants and potentiating the oxygen-dependent bactericidal 
mechanisms of neutrophils (142). Additional cytokines produced by neutrophils may include 
IL-1 receptor agonist, transforming growth factor pi (TGF-pi), interferon a (IFN-a), 
granulocyte colony-stimulating factor (G-CSF), macrophage CSF (M-CSF), granulocyte-
macrophage CSF (GM-CSF), and IL-12 (21). 
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Neutrophil Dysfunction and Clinical Disease 
The neutrophil plays a critical role in the inflammatory response as a phagocytic 
effector cell, plus produces cytokines to assist in the coordination of the immune response, as 
outlined in preceding sections. Major defects in neutrophil function would be expected to 
seriously impair resistance to infectious disease. Indeed, the immune response is severely 
compromised in individuals suffering from CGD (147) or leukocyte adhesion deficiency (59) 
where neutrophil participation in the inflammatory response is curtailed. Furthermore, 
bacterial growth is rapid and clinical disease much more severe when the arrival of 
neutrophils at an infection site is delayed in a phenotypically normal individual (6). By 
extension, it could be speculated that more subtle quantitative differences in £ispects of 
neutrophil function might alter resistance to infectious disease. 
Substantial variation in neutrophil flmction has been reported in dairy cattle. 
Williams et al. (164) described significant variation between animals when comparing the 
bactericidal capacity of neutrophils against S. aureus. A similar study showed large 
differences between animals in luminol-dependent chemiluminescence (CL) in response to 
the same pathogen (163). Individual variation has consistently been reported for neutrophil 
chemotaxis (70. 85. 153) and generation of o.xygen metabolites (49. 84, 85. 154). Significant 
sire progeny group differences have been reported in measures of neutrophil fiinction (64) 
and genetic parameters for functional immune assays have been reported (27). Therefore, it 
does appear that neutrophil function, as well as other aspects of the immune response, will 
respond to selection by animal breeders. 
Critical questions remain to be answered before selection for enhanced neutrophil 
function (or against inferior function!) is attempted. Genetic parameters for in vitro measures 
of immime function must be estimated, including genetic correlations between the immune 
measures themselves as well as between the immune assays and important production traits. 
Just as importantly, the relationship of in vitro measures of the immune response with 
clinical disease must be determined so that selection pressure can be placed upon the 
measures of most benefit to the selected population. .A. vast amount of information relating 
neutrophil function and clinical disease has been compiled by immunobiologists working 
with a variety of mammalian species. Evidence has been provided by field studies and 
designed experiments alike. 
Field and Natural Exposure Studies 
The most difficult question to address in the relationship between neutrophil function 
and clinical disease is diat of causality. Was deficient response in a particular immune 
parameter a predisposing factor to clinical disease or is the reduced response a by-product of 
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the disease pathology? Questions of causality can not be addressed adequately by field 
studies. That is not to say that field studies do not provide useful information, but the 
information provided has limitations. 
Deficient response in measures of oxygen-dependent killing mechanisms have 
consistently been reported in mastitic cows (19. 24, 60, 65, 160, 170). Zeconni et al. (170) 
determined neutrophil luminol-enhanced CL using cells isolated from quarter milk samples 
randomly chosen within commercial dairy herds. Phenotypic distributions of the CL values 
following stimulation with zymosan. Streptococcus uteris, or E. coli were used to determine 
thresholds of 'acceptable' CL activity in samples of non-overlapping subjects. Thresholds 
were established at the 25"" percentile of the respective distributions. Cows falling below the 
threshold for stimulation with zymosan, S. uteris, and E. coli were 23, 4.5, and 6.6 times 
more likely to have a recent history of mastitis, respectively. Cooray and Hakansson (24) 
reported similar results in that cows with a history- of mastitis displayed significantly less 
luminol-enhanced CL when compared to healthy cows. Furthermore, myeloperoxidase 
(MPO) concentration and luminol-enhanced CL were highly correlated in healthy cattle but 
no such correlation existed in the mastitis-prone group leading to speculation of defects in the 
H202-myeloperoxidase-halide system (24). Lucigenin-enhanced CL response did not differ 
between mastitis prone and healthy subjects in this study, lending further support to the 
theory of defect in MPO rather than general defects in the respiratory' burst (24). Conversely, 
superoxide anion production by neutrophils measured by the cytochrome c reduction assay 
was negatively correlated with mammary and total health costs in a third study (160). A later 
smdy the same research group also reported a negative relationship between the cytochrome 
c reduction assay and two different measures of mastitis; SCS and intramammary infection 
(IMI) caused by major pathogens (65). 
Additional measures of immune function have been correlated to clinical disease in 
dairy cattle. Positive associations between expected breeding values of IgGi and several 
measures of mastitis were reported by Kelm et al. (65). Breeding values for neutrophil 
random migration and clinical mastitis were negatively correlated in the same study, as were 
breeding values for SCS and stimulated CL (65). Weigel et al. (160) reported a significant 
negative correlation between serum IgM and mean quarter California Mastitis Test (CMT) 
and a positive relationship between IgG2 and clinical mastitis cases. Antibody-dependent 
neutrophil cytotoxicity (ADNC) was positively correlated with diree measures of mastitis, 
but antibody-independent neutrophil cytotoxicity (AINC) was negatively correlated v^th 
these same measures (160). A positive correlation between neutrophil chemotaxis and 
clinical mastitis incidence was reported by Cooray and Hakansson (24). 
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A study of neutrophil function and peri parturient infectious disease under conditions 
of natural exposure was reported by Cai et al. (19). Six measures of neutrophil fimction were 
evaluated during the time period of 1.5 weeks before calving to 4 weeks after calving. These 
measures included random migration, chemotaxis, ingestion, myeloperoxidase activity 
(iodination), superoxide anion production measured by the cytochrome c reduction assay, 
and ADNC. Significantly lower chemotactic activity was reported in cows with mastitis as 
compared to healthy control cows. Cows suffering from peripanurient infectious disease had 
significantly lewder neutrophil function for the following assays: random migration, 
cytochrome c reduction activity, ADNC. and iodination (19). Healthy and diseased animals 
did not differ in efficiency of ingestion of 5. aureus. 
Several groups have reported significant association between deficient neutrophil 
function and human disease conditions (13, 55. 68, 135). Bondestam et al. (13) reported that 
infection prone children were likely to suffer from some type of neutrophil dysfunction when 
compared to healthy controls. In particular, infection-prone children had significantly lower 
neutrophil chemotaxis to a variety of chemotactic factors and significantly lower luminol-
enhanced CL. Patients suffering from multifocal infections also had significantly 
compromised Fc-receptor-dependent phagocytosis (13). Shah et al. (135) reported that renal 
transplant patients suffer from dramatically increased susceptibility to post-operative 
infection and found that such patients have impaired neutrophil oxidative metabolism 
measured by luminol-enhanced CL and the cytochrome c reduction assay. Conversely, 
development of diabetic angiopathies in children may result from high basal levels of 
luminol-enhanced CL (55). Newborn children suffering from acute lower respiratory illness 
have reduced neutrophil chemotactic ability in comparison to healthy neonates or adults (68). 
Neutrophil chemotaxis progressively improved during recoverv' from these illnesses. 
Neutrophil Dysfunction as a Predictor of Disease Severity in Challenged Populations 
Several studies examined neutrophil function immediately prior to and during 
experimental challenge with E. coli in dairy cattle (49, 69, 70. 85, 140, 153, 154) and swine 
(84). In general, studies have indicated that chemotactic response and respiratory burst are 
inversely correlated with control of bacterial growth and clinical disease symptoms. 
Kremer et al. (70) reported that a negative correlation existed between preinfection 
neutrophil chemotaxis £ind bacterial growth in inoculated udders. Before and during induced 
mastitis, the chemotactic response and number of circulating neutrophils were greater in 
cows that suffered only moderate disease compared to cows suffering from severe disease 
(69). Van Werven et al. (153) reported almost identical results in a later study. Two 
additional studies reported a negative correlation between preinfection neutrophil chemotaxis 
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and disease outcome (85. 140). It appears likely that rapid migration of the neutrophil along 
a chemotactic gradient is crucial to the defense of the mammary gland. 
The relationship between the respiratory burst and the outcome of experimental 
mastitis challenge has been a bit more controversial, although differences may be more 
reflective of differences in methodology than true immunological differences. Heyneman et 
al. (49) reported that phorbol myristate acetate (PlVIA)-induced production of O2' and H2O2 
per cell were negatively, but not significantly, correlated with decreased milk production due 
to coliform mastitis. On the other hand, significant negative correlations did exist between 
clinical disease and both zymosan-induced Oi" generation per cell and circulating neutrophil 
numbers prior to infection. The product of superoxide anion generation per cell (via either 
stimulation source) and neutrophil count was termed O2" generation capacity and was 
negatively correlated to clinical disease. The correlations between O2' generation capacity 
and clinical disease parameters were statistically significant and ranged firom -0.72 to -0.90 
(49). Generation of hydrogen peroxide in this experiment was measured by means of 
peroxidase-catalyzed oxidation of scopoletin and O2' was measured with the cytochrome c 
reduction assay. These results were confirmed in a later study performed by the same lab 
(154) in which cows were classified as moderate or severe responders to E. coli mastitis prior 
to experimental infection. Classification was based upon the reactive oxygen species 
generation capacitv' of blood neutrophils prior to experimental infection. The group of cows 
that were predicted to respond more favorable to bacterial challenge did, indeed, suffer 
smaller losses in milk yield due to mastitis than severe responders. 
Conflicting results were presented by Lohuis et al. (85). Prior to experimental 
mastitis the lucigenin-enhanced CL per lO'' neutrophils was measured without stimulation 
and after stimulation with PMA or zymosan. Only CL from resting cells was significantly 
associated with clinical disease symptoms. Similarly, Kremer et al. (70) reported no 
significant correlation between bacterial growth in inoculated quarters and lucigenin-
enhanced CL per 10^ neutrophils stimulated with PMA or zymosan prior to infection. In a 
recent study, PMA-stimulated production of H2O2 was not useful as a predictor of the 
outcome of experimental infection (153). 
Unification of the results of these studies is necessary. Preinfection neutrophil 
numbers in the circulation were negatively associated with the severity of disease outcome in 
all studies of oxidative metabolism discussed above. Calculation of reactive oxygen species 
capacity as the product of total circulating neutrophil numbers and oxygen metabolite 
generation per 10^ neutrophils appears reasonable and does not conflict with other results 
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(70, 85. 153). Retrospective analysis of these experiments may prove worthwhile in future 
studies. 
Stimulated CD 18 expression was positively correlated with preinfection somatic cell 
count and negatively correlated with bacterial growth in Holsteins challenged with E. coli 
(140). Additional aspects of neutrophil function have been measured in dairy cattle prior to 
experimental infection with E. coli but no significant correlations with clinical disease has 
been reported. These functions include phagocytosis (85. 153), expression of the fimctional 
CDl 1/CD18 receptor (153), and production of cytokines such as TNF-a. IL-1. and IL-8 
(140). 
The H:02-myeloperoxidase-halide bactericidal system utilizes oxygen metabolites 
but is quantitatively measured via either the neutrophil iodination assay or luminol-enhanced 
CL. Preinfection myeloperoxidase function has not been investigated as a predictor of 
experimental mastitis in dairy cattle. Lofstedt et al. (84) reported that the results of the 
neutrophil iodination assay were significantly lower in a line of sows that were considered 
susceptible to E. coli mastitis when compared to a resistant group. Following challenge the 
susceptible sows were lower in neutrophil function measured by iodination, ingestion of S. 
aureus, and neutrophil random migration (84). 
Neutrophil oxidative metabolism was assessed in lines of mice that were 
characterized as resistant or susceptible to the fungus Paracoccidioides brasiliensis after 
experimental inoculation in air pouches (94). Both luminol- and lucigenin-enhanced CL 
following stimulation with PMA or killed P. brasiliensis were measured at 1 day and 15 days 
after infection. No differences in inunune response were observed at 24 hours after 
inoculation. Fifteen days after the initial infection, the resistant line was unchanged in 
lucigenin-enhanced CL but had significantly increased output of luminol-enhanced CL 
following stimulation with the killed fungus. Conversely, the susceptible line did not 
upregulate luminol-dependent CL but lucigenin-enhanced CL was significantly lower at day 
15 than at day 1. At 15 days, neutrophils from the susceptible line could not kill fungal cells 
in vitro, indicating that oxygen-dependent killing mechanisms are required for fungicidal 
characteristics of the resistant and susceptible lines (94). 
Numerous factors have been reported to cause phenotypic variation in measures of 
neutrophil flmction. Neutrophil control by single genes with large effects (29, 65, 138) or 
numerous genes with small effects (27, 31. 64) have been discussed previously. 
Environmental factors are also associated with changes in neutrophil function within an 
individual. Significant differences in neutrophil function were reported in cattle ranging in 
age from 4 weeks to 14 months (46). Calves in the youngest age group (4-5 weeks) had 
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significantly reduced neutrophil function measured by the iodination and nitroblue 
tetrazolium reduction assays but enhanced ingestion of S. aureus. Iodination and ADNC 
tended to increase with age (46). Neutrophils from animals with viral infections have 
reduced function, although functional alterations appear to be specific for a particular virus 
(14). Furthermore, several antibiotics typically used in large animal production medicine 
have been reported to influence bactericidal activity of neutrophils in dair\' cattle (50). 
Health disorders that cause altered neutrophil function are not restricted to infectious disease. 
Ketonemic dairy cows generally have greater difficulties in controlling bacterial infections 
than nonketonemic cows (71). Unlike the situation in nonketonemic cattle where a 
significant negative correlation exists between neutrophil chemotaxis and clinical disease 
symptoms arising from experimental challenge with E. coll difficulties in controlling 
bacterial growth are unrelated to chemotaxis in ketonemic cattle (71). Hoeben et al. (51) 
reported a significant reduction in luminol-enhanced CL from peripheral blood neutrophils 
incubated wdth physiological concentrations of P-hydroxybutyric acid. Conversely, the 
activity of myeloperoxidase and production of superoxide anion was not altered in these 
cells, prompting speculation that production of H2O2 may be inhibited in ketonemic cattle 
(51). 
Pregnancy has a profound effect on neutrophil function. The inflammatory response 
is progressively weakened throughout gestation in humans (25) and dairy cattle alike (19, 26, 
89). Due to the high incidence of infectious disease in the periparturient dairy cow (54), the 
biological mechanisms of periparturient immunosuppression merit further consideration. 
Periparturient Immunosuppression 
Infectious disease is most prevalent in the periparturient period (54). A number of 
physiological changes occur at parturition (40) that contribute to greater susceptibility to 
infection. Numerous researchers have reponed periparturient immunosuppression in dairy 
cattle and other species (5, 19. 26, 39.43, 53. 57, 60, 61, 100. 101, 125). 
Changes in leukocyte counts measured in peripheral blood samples have consistently 
been reported (26, 43, 44. 101. 132, 133). Neutrophilia is commonly seen as calving 
approaches, followed by a steep decline within 24 hours of panurition (26, 43). Conversely, 
peripheral blood eosinophil counts decrease as parturition nears and remain low throughout 
the first month of lactation. The percentage of peripheral blood mononuclear cells (PBMC) 
identified as B lymphocytes does not change significantly in the periparturient period (101, 
132). Harp et al. (44) reported that the relative percentage of PBMC that express the pan-T 
cell marker, CD2, did not change appreciably over a 6-week periparturient period, although 
CD4" T cells did increase slightly. However, significant differences in lymphocyte 
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populations are present bet\veen periparturient and midlactation cows (133). Percentages of 
PBMC identified as T-helper and T-cytotoxic lymphocytes are significantly less in the 
periparturient cow. Additionally, udder tissue of periparturient cattle contains significandy 
lower percentages of T-cytotoxic lymphocytes and y6 T cells (133). Guidry et al. (43) found 
that monocyte levels increase slightly after parturition and lymphocytes populations 
decrease. 
Measures of neutrophil function are profoundly influenced in the periparturient period 
in cattle (19. 26, 43. 60. 100. 125). Oxidative metabolism in neutrophils (as measured by the 
iodination. cytochrome c reduction, and other CL assays) is reduced the periparturient cow. 
Numerous other neutrophil functions are clearly affected, but discrepancies exist in the 
direction of change. Cai et al. (19) reported that random migration under agarose was 
enhanced at parturition, while others claimed that random migration was depressed at this 
time (26, 60). Numerous studies have reported that the ability to perform phagocytosis is 
augmented in the periparturient cow (19, 26, 60) but others found changes in the opposite 
direction (43, 125). although methods differed between studies. 
Assays of lymphocyte blastogenesis due to mitogen stimulation have been used by 
numerous researchers as a measure of lymphocyte function (5, 26, 53, 57, 61, 125). 
Proliferation of PBMC due to T cell mitogens concanavalin A and phytohemagglutin P 
declines as parturition approaches and rebounds during the first month of lactation. A similar 
trend has been shown when using pokeweed mitogen, a T-dependent B cell mitogen, to 
induce blastogenesis. but changes are not as distinct. Plasma cells producing IgGi, IgG2, 
IgM, and IgA have been reported in nonlactating mammary tissue (143). Numbers of plasma 
cells appear to peak 2 weeks prior to calving and decline through parturition (143). Nagahata 
et al. (101) reported that antibody production from B cells was significantly lower in cows 
measured one week after parturition when compared to measures one week later. Similar 
results were reported by Detilleux et al. (26). 
Cytokine production in the periparturient cow may be partially impaired (132). 
Production of IL-2 and IFN-y by PBMC stimulated by Con A in vitro was significantly lower 
in periparturient cows than midlactation cows (132). In a separate report, lL-2 like activity in 
the mammary gland secretions was lower at parturition compared to activity exhibited 2 
weeks prepartum (144). Antiviral titers increased over this time period also, although neither 
TNF-a nor IFN could be detected in colostrum samples (144). Periparturient and 
midlactation cows did not differ in production of TNF-a, lL-1. and IL-8 following 
experimental challenge with E. coii (140). 
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Serum immunoglobulin and other protein levels have been widely reported in 
periparturient animals (26, 53, 61). Serum levels of IgM, IgGi, and conglutinin decline as 
calving time approaches, while serum levels of IgG2 and hemolytic complement levels 
increase. The decline in serum IgGi and IgM is not surprising as these are the two primary 
immunoglobulin isotypes present in colostrum secretions in dairy cattle. 
Several components of the immune response have not been researched in dairy cattle. 
Practically no reports exist in the literature on the action of macrophages or natural killer 
cells in the periparturient bovine. Undoubtedly, future research into these areas will allow 
better characterization of periparturient immunosuppression. 
The existence of periparturient inununosuppression has been widely reported over the 
past decade but the underlying biological causes of this phenomenon have not been fully 
elucidated. Evidence for a cellular-based immunosuppression has been reported (36, 134). 
A substantial increase in numbers of T-suppressor lymphocytes has been reported in the 
mammary tissue of postpartum cattle (134). Postpartum CD8^ cells differed from those 
gathered from midlactation cows in that they displayed no cytotoxic activity, principally 
expressed IL-4 mRNA, and had increased expression of the T-cell receptor P-chain. 
Researchers concluded that the CDS' lymphocytes were T-suppressor cells and speculated 
that these lymphocytes may have a role in postpartum immunosuppression (134). 
The suppressive effect of pregnancy on chronic inflammatory conditions in humans is 
well known and involves downregulation of neutrophil function including production of 
superoxide anion and generation of hydrogen peroxide (25). Serum levels of gravidin, a 
phospholipase A2 inhibitor, in pregnant women have been shown to increase through 
pregnancy (166) and have been speculated to suppress neutrophil function via interference of 
neutrophil stimulation by cytokines such as GM-CSF, TNF-a, and IL-8 (25). Gravidin has 
not been investigated extensively in bovine research but appears intriguing. 
Nutritional and endocrine influences on periparturient immunosuppression have been 
reported (40). Progesterone and estrogen are two of the predominant hormones influencing 
gestation. Progesterone is the chief hormone involved in the maintenance of pregnancy. 
Plasma concentration peaks at 7 to 8 ng/ml two months prior to parturition in dairy cattle, 
slowly decreases to approximately 4 ng/ml within a week of calving, and declines sharply 
within 24 hours of parturition. In contrast, plasma estrogen concentrations are quite low 
throughout the majority of gestation before rising abruptly within a week of calving. A 
wealth of literature exists which describe nutritional deficiencies influencing 
immunosuppression, but it is beyond the scope of this work to adequately report this 
findings, therefore, only endocrine influences will be discussed. 
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Plasma Cortisol levels are greatly elevated during the day of parturition (40, 43. 53). 
Cortisol levels increase from 4 to 8 ng/ml 3 days prior to calving to 15 to 30 ng/ml at 
parturition (40) and decrease sharply within 24 to 48 hours (43, 53). 
In addition to changes in estrogen, progesterone, and Cortisol plasma concentrations, 
several other hormones are in a state of flux at this time. Plasma prolactin concentration 
increases substantially on the day before calving (40). Also, the opioid protein P-endophorin 
increases in concentration during the last month of gestation and drops quickly after calving 
(40). A second opioid protein, metenkephaiin, increases rapidly after parturition (30). The 
effects of hormones other than estrogen, progesterone, or Cortisol on cells of the immune 
system are unknown, but may contribute to the phenomena of peri parturient 
immunosuppression. 
The effects of progesterone on the immune response has been investigated in 
castrated dair\' males (124) and lactating dairy females (122). Pharmacological dosages of 
progesterone administered to steers caused a significant increase in random migration by 
neutrophils and a significant decrease in neutrophil iodination (124). Neutrophil ftmctions 
unaffected by progesterone administration included ingestion oiStaphylococcus aureus, 
ADNC. and nitroblue tetrazolium reduction (NBT), a measure of oxidative metabolism. 
Additionally. lymphoc>ie blastogenesis due to concanavalin A, phytohemagglutinin-P, or 
pokeweed mitogen was unaffected by progesterone in males. High physiological levels of 
progesterone in females were associated with decreased NBT reduction and iodination by 
neutrophils, along with increased random migration and ADNC values (122). The 
immunosuppressive actions of progesterone have been seen, however, at high physiological 
or pharmacological dosages only. Because progesterone decreases precipitously prior to 
calving (40), it is unlikely that this hormone is responsible for periparturient 
immunosuppression. One could theorize that immune functions suppressed by progesterone 
during gestation are liberated as calving approaches, but with the possible exception of 
random migration of neutrophils, this is not the case. 
The effect of estrogen on the immune system has been investigated in castrated male 
dairy cattle (124) and lactating dairy cattle (122). Pharmacological dosages of estrogen in 
steers had no significant effect on total or differential leukocyte counts, neutrophil ftmction, 
lymphocyte blastogenesis due to mitogen stimulation, or blood Cortisol levels (124). Assays 
of neutrophil function included random migration, ingestion of radiolabeled S. aureus, NBT 
reduction, iodination, and ADNC. In lactating females, increased serum estrodial 
concentrations were associated with increased random migration, but had no measurable 
effect on other measures of neutrophil function including NBT reduction, iodination, ADNC, 
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and ingestion of S. aureus {122). Additionally, increased serum concentration of estrodiol 
was associated with an increased serum Cortisol concentration, leading the authors to 
speculate that changes in the random migration capability of neutrophils was mediated by 
serum Cortisol levels. 
Serum Cortisol concentration has a substantial effect on leukocyte numbers and 
function (16. 107. 121. 123). Increased serum concentration of Cortisol was associated with 
increased total leukocyte counts in castrated dair%' males (121) and lactating cattle (107). 
Differential leukocyte counts displayed significant increases in circulating neutrophils 
(mature and band cells), decreased concentration of eosinophils, and no change in 
mononuclear cells (121). This pattern is similar to that exhibited by the peri parturient cow 
(26). Increased serum Cortisol concentration has been associated with significant decreases 
in neutrophil iodination (121. 123). ingestion of 5. aureus (107), and lymphocyte 
blastogenesis due to concanavalin-A and phytohemagglutinin (121. 123). Random migration 
has been shown to increase due to increased Cortisol (121). Exogenous Cortisol treatment has 
also been shown to decrease surface expression of adhesion molecules L-selection and CD 18 
on neutrophils (16). Because serum Cortisol increases dramatically as calving nears. and 
exogenous Cortisol administration elicits changes in leukocyte populations (both in number 
and function of cells) that are similar to those seen in periparturient cattle, Cortisol appears to 
have a major role in periparturient immunosuppression. 
Glucocorticoids 
The secretion of glucocorticoids is tightly regulated and involves the interplay of 
several hormones (56). Corticotropin releasing hormone and arginine vasopressin are 
secreted by the hypothalamus and stimulate the release of corticotropin from the pituitary 
gland. Corticotropin in turn stimulates secretion of glucocorticoids from the adrenal cortex. 
Glucocorticoids, in turn, exert negative feedback to stop production of the hormone. 
Glucocorticoids exert both permissive and suppressive actions within the context of a 
stress response. A central physiological function of these hormones is to prevent stress-
activated defense mechanisms from overshooting and damaging the organism (98). 
Cytokines, inflammatory mediators, and other hormones and neurotransmitters are 
suppressed by glucocorticoids as reviewed by Munck et al. (98). Cytokines inhibited include 
IFN-y, TNF-a, GM-CSF. IL-ip, and interleukins 2, 3. 5, 6. and 8 (98). Paradoxically, 
glucocorticoids increase the expression of numerous cytokine receptors (3) including 
receptors for IFN-y, IL-1. and IL-6. Expression of increased receptors facilitates a rapid 
sequestering of secreted cytokine and quick, but self-limiting, inflanunatory response. The 
suppression of cytokine production and the increase of cytokine receptors on target cells fits 
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the hypothesis of glucocorticoids limiting damage to the organism in an immune response 
(98). 
Dexamethasone, a synthetic glucocorticoid, has been used as a potent anti­
inflammatory agent in many species, including humans (121). A number of infectious 
diseases have been exacerbated in animals undergoing dexamethasone therapy including 
mastitis due to S. aureus (16) and Listeria monocytogenes (162), coccidiosis (119), and 
recrudescence of latent infection with infectious bovine rhinotracheitis virus (111). Organ 
transplant patients given dexamethasone are more likely to suffer from post-operative 
infections (135). 
Dexamethasone has a profound effect on the function of neutrophils isolated from the 
peripheral blood (16. 119. 120). Within 24 hours of administration of dexamethasone, a 
dramatic neutrophilia occurs (16). Neutrophil fijnction is also altered including reduced 
measures of oxidative metabolism, decreased ADNC values, and increased random migration 
and ingestion of S. aureus (119. 120). Dexamethasone caused acute, short-lived down-
regulation of L-selectin and profound, delayed down-regulation of CD 18 on neutrophils in a 
maimer similar to Cortisol, although the effects of dexamethasone were quantitatively greater 
(16). 
Administration of dexamethasone caused significantly reduced lymphocyte 
blastogenesis in response to phytohemagglutinin (119). A decrease in CD3^ cells expressed 
as a percentage of peripheral blood mononuclear cells was reported (17) and this decrease 
was attributable to an 80% reduction in the number of y5 T cells. Populations of CD4' and 
CD8^ T cells were not significantly changed by dexamethasone treatment. Mononuclear cell 
fimctions, such as production of IFN-y and in vitro IgM production, may be dramatically 
impaired following administration of dexamethasone (103). Furthermore, fewer MHC class I 
and class II receptors are present on individual PBMC, although the total number of PBMC 
cells bearing MHC class II receptors increased following treatment (103). 
Synthetic glucocorticoids, such as dexamethasone, have been used as anti­
inflammatory- agents for many years, but only within the last decade have the potential 
mechanisms of immunosuppression been identified. The effects of glucocorticoids on the 
immune system are mediated by the glucocorticoid receptor (GR) complex (116). Prior to 
binding free glucocorticoid, GR (Types I and II) is sequestered in the cytoplasm by heat 
shock proteins and the immunophilin FKB59. Glucocorticoid readily crosses the plasma 
membrane and binds to the GR, forming the GR complex. The formation of the GR complex 
unmasks a nuclear localization sequence and the complex is transported to the nucleus. 
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Potential pathways for immunosuppression by the GR complex via transcriptional 
repression have been identified (93). The GR complex can bind and disable "Activating 
Protein I" transcription factor or .AP-1 (8). The transcription factor AP-I is an important 
inducer of proinflammatory proteins and receptors. A second proposed pathway includes 
direct binding of the GR complex to the transcription factor NF-KB. leading to its 
inactivation (115. 128). NF-kB is a critical protein involved in the transcription of numerous 
cytokine genes. The third pathway also results in the inactivation of NF-KB. but not due to 
direct binding with the GR complex (7. 127). The GR complex acts as a transcription factor 
in this case and induces rapid cellular accumulation of IKBq. the inhibitor of NF-KB. The 
excess IKBq sequesters free cytoplasmic NF-KB and also disables nuclear NF-KB. 
Glucocorticoids inhibit transcription in a fourth pathway through direct binding to 
glucocorticoid response elements that are located in the promoter region of cytokine genes 
(3). Although these pathways of glucocorticoid-induced immunosuppression differ slightly, 
the end result is the same: the GR complex interferes with transcription of proteins necessary 
to promote an inflammatorv' response. Glucocorticoids may also inhibit expression of vital 
proteins at a posttranslational level (3). Posttranslational changes include reduced half-life of 
inflammatory c>lokines and repression of cytokine release. 
The phenomenon of glucocorticoid resistance has been recorded in primates and in 
man. In fact, the New World Primate is resistant to the effects of all the steroid-related 
hormones, although the biological mechanism for this has not been elucidated (116). In 
humans, the glucocorticoid resistance phenomena has been traced back to genetic mutations 
in the receptor gene (56, 116). A single gene with 9 exons encodes the GR. Within one 
family, a single base pair change was identified that changed an aspartate amino acid residue 
to valine. This mutation changed the GR binding pocket, resulting in decreased affinity of 
glucocorticoid for its receptor. A 4-bp deletion was found within the GR gene in a second 
family. This deletion lead to the production of unstable mRNA, dramatically lowering the 
quantity of GR present in the cytoplasm. Although glucocorticoid resistance may sound 
appealing, a number of problems were encountered by resistant individuals due to 
interference with the self-feedback regulatory system of glucocorticoids. It does, however, 
illustrate that the quantity and quality of the GR binding receptor can have very large effects 
on the immunosuppressive actions of glucocorticoids. 
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IMMUNOLOGICAL PARAMETERS OF HOLSTEIN BULLS: 
I. EVALUATION OF A GLUCOCORTICOID-BASED METHOD TO 
SIMULATE PERIPARTURIENT IMMUNOSUPPRESSION 
A paper to be submitted to the Journal of Dairy Science 
S. C. Kelm. M. E. Kehrli. Jr.. A. E. Freeman, B. R. Southey. J. L. Bunon. and A. L. Kuck 
ABSTRACT 
Use of a synthetic glucocorticoid, dexamethasone, was investigated in 60 post-
pubertai Holstein bulls as a method to simulate periparturient immunosuppression. Immune 
response traits known to be altered in periparturient cattle were monitored in the days 
immediately following dexamethasone administration, plus flanking weeks. Assessment of 
neutrophil function was emphasized and was based on laboratory" measures of migration, 
phagocytosis, oxidative metabolism, and cytotoxicity. Lymphocyte blastogenesis assays and 
leukograms were also completed. Bulls were tested in 5 groups of equal size over a 12-
month period. Data were analyzed using an animal model and estimates of animal and 
residual variance components were produced. Significant fixed effects in virtually all 
analyses included group, day relative to first dexamethasone injection, and interaction of 
group and day. Eosinophil contamination of granulocyte suspensions significantly affected 
some neutrophil assays. Marginal means were calculated for days following and weeks 
relative to dexamethasone using estimates of fixed effects from the animal model. The 
phenotypes of glucocorticoid-induced and periparturient immunosuppression appear 
similar. Dexamethasone caused immediate changes in several immune response traits 
including decreased neutrophil iodination. cytotoxicity, and spontaneous lymphocyte 
blastogenesis, as well as neutrophilia and eosinopenia. Ingestion and bactericidal activity 
against Staphylococcus aureus were augmented. Immune response traits generally returned 
to basal levels one week after injections, however, continued suppression of neutrophil 
oxidative metabolism was evident. Familial tendencies in immune response traits were noted 
and heritabilities for immunological assays ranged from .10 to .45. The simulated model of 
periparturient immunosuppression is suggested as a means to evaluate dairy bulls within 
selection programs that seek to enhance immunoresponsiveness during periods of 
irrmiunologic stress. 
(Key words: partiurition. immunosuppression, cattle, glucocorticoid) 
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Abbreviation key: ADNC = antibody-dependent neutrophil cytotoxicity. AINC = antibody-
independent cytotoxicity. CL = chemiluminescence. ConA = concanavalin A. DEX = 
dexamethasone. IR = immunoresponsiveness, PBMC = peripheral blood mononuclear cells. 
INTRODUCTION 
Enhancement of disease resistance and. specifically, resistance to mastitis is 
appealing for economic and ethical reasons. Direct costs of mastitis in the U.S. have ranged 
from $40-50 per lactating cow on an annual basis (20. 75). Estimates of direct cost typically 
include veterinary fees, antibiotic costs, discarded milk, and materials used for disease 
prevention. Estimates of disease cost that include indirect costs such as reduced production 
potential, reduced market premiums, mortality, and increased risk of culling have been 
greater than S150 per lactating cow on an annual basis (35, 45) and reflect a more accurate 
picture of disease costs. 
An antagonistic relationship has been consistently reported between measures of milk 
production and clinical disease in dairy cattle (42. 68. 72). Significant differences in both 
health costs and milk production have been reported between dairy cattle populations formed 
by divergent selection (10. 22). 
Control of infectious disease in dairy cattle has been based upon improving 
environmental conditions, minimizing pathogen exposure, and enhancing specific immunity 
through vaccination programs. Selection for enhanced disease resistance represents another 
potential method of improvement (66). Direct selection programs for resistance to mastitis 
and other production diseases are utilized in Europe (34). The required data recording 
structure for clinical disease incidence and treatment does not exist in the U.S.; thus direct 
selection is not practiced. Currently, selection for enhanced disease resistance is limited to 
traits indirectly related to mastitis such as somatic cell score (66) and udder conformation 
traits (51, 62). Production diseases other than mastitis have not received attention in North 
American breeding programs. Identification of additional measures related to disease 
resistance may be beneficial to the dairy industry. 
Efficient removal of pathogens by the immune system is critical for maintaining good 
health. The inflammatory response is an imponant vehicle by which pathogens are 
eliminated. The neutrophil plays a vital role in the inflammatory response as an effector cell. 
Gross neutrophil dysfimction severely impairs the ability to fight infectious disease by 
individuals suffering from leukocyte adhesion deficiency (29) or chronic granulomatous 
disease (70). Several studies have reported that subtle quantitative differences in neutrophil 
response may increase the risk of disease in dairy cattle (5, 19, 31, 36, 41, 67, 73, 74). 
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Negative correlations between pre-infection neutrophil chemotaxis and mastitis severity have 
been consistently reported (5, 36. 41. 67. 73). Capacity lo generate reactive oxygen species 
may influence the outcome of disease (5. 19, 74). although conflicting results have been 
reported (36. 41, 73). 
Polygenic control of the immune response has been reported in laboratory animal 
species (1. 71), poultry (18. 25. 38, 49). dairy cattle (9. 30, 40, 44). and other domestic 
livestock species (11. 12. 43). Selection for divergent antibody response to a specific antigen 
has been successful in changing antibody titers (1. 18. 38. 49). Selection for enhanced 
humoral response, however, may leave an individual more susceptible to pathogens such as 
facultative intracellular parasites (1). Genetic improvement of non-specific mechanisms of 
disease resistance may be more desirable for enhancing resistance to a broad range of 
pathogens. Relatively few studies have investigated genetic control of such mechanisms, 
although reported heritabilities for serum complement levels (9, 40) and in vitro measures of 
neutrophil fiinction (9. 11) have been of sufficient magnitude to facilitate selection. 
Immunocompromised individuals are more susceptible to clinical disease. The 
immime response is altered during the periparturient period in dairv' cattle (5. 8, 27, 28) and 
himians (7). In general, the immune response is compromised as parturition approaches. 
Lymphocyte blastogenesis is reduced at this time (8. 28) and production of cytokines such as 
interleukin-2 and interferon-y by peripheral blood mononuclear cells (PBMC) may be 
impaired (63). The composition of leukocyte populations in peripheral blood changes as 
parturition approaches (8. 65). Moreover, significant reductions in neutrophil respiratory 
burst activity and oxygen-dependent bactericidal mechanisms have been reported during this 
period (5. 7. 8, 27). Clinical disease in dairy cattle is most prevalent during the periparturient 
period (15. 22), therefore, genetic enhancement of periparturient immune function may 
enhance disease resistance. 
Large-scale progeny testing of dairy bulls for immune fimction traits is difficult due 
to cost and specialized laboratory needs. Immunoresponsiveness (IR) tests on the bulls 
themselves, however, could be used within selection programs for disease resistance if 
heritabilities are sufficiently high and tests are highly correlated to clinical disease outcome. 
Working models of selection for increased disease resistance based on 
immunoresponsiveness in young bulls as indicated by measures of acquired immunity (39) or 
neutrophil function (76) have been proposed. Present limitations on these suggested 
selection methods include the paucity of genetic parameter estimates that exist in the 
literature for traits of non-specific immune response and limited knowledge of the 
relationship between aspects of non-specific immune function and disease in dairy cattle. 
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Previous research (9) has indicated that IR during periods of immunosuppression (such as 
parturition) may be a trait distinct from IR during non-suppressed periods. Moreover, 
predisposing immunological factors for clinical disease incidence may differ between 
stressed and non-stressed individuals (37). Ideally, genetic selection for enhanced IR will 
consider the immune response during stressed and non-stressed periods. 
Physiological changes at parturition have recently been reviewed (15). 
Concentrations of several hormones, including progesterone, estrogen, Cortisol, and prolactin, 
fluctuate a great deal as parturition nears. Progesterone and estrogen do not appear to have 
substantial immunosuppressive effects in dairy cattle as individual hormones (57, 59). 
Conversely, increased serum Cortisol concentration has been associated with declining IR 
similar to that seen in the periparturient cow (3, 48, 56, 58). The immunosuppressive effects 
of dexamethasone (DEX), a synthetic glucocorticoid, are well known (3, 4, 52, 55) and offer 
a vehicle by which periparturient immunosuppression can be mimicked in dairy males. 
The objectives of this study were to describe changes in IR traits due to 
administration of DEX in young Holstein bulls and to determine factors influencing changes 
in IR traits. Results of IR assays completed on young Holstein bulls within this biological 
model will be used to evaluate the use of this method to mimic periparturient 
immunosuppression, a phenomenon restricted to females. The results of this preliminary 
study will be used to facilitate a study of the additive genetic control of IR at different 
periods of physiological stress, as reported in a companion paper (32). 
MATERIALS AND METHODS 
Sixty-three Holstein bulls awaiting progeny test were used in this study. Bulls were 
owned by 21" Centur>' Genetics, Inc. (Shawano, WI) and had been purchased as young 
calves based on pedigree merit for production and type traits. Bulls were housed under 
similar conditions at 21"' Century Genetics' bull housing facility in Stewartville, MN. 
Sixty bulls were used as test subjects and monitored for changes in IR before, during, 
and after administration of DEX. Dexamethasone (Azium; Schering Corp., Kenilworth, NJ) 
was used as an immunosuppressive agent and was administered by intramuscular injection on 
3 consecutive days at 0.04 mg/kg body weight. Additionally, a separate group of bulls was 
used as untreated controls. Immunological assays that measure the function of live cells in 
vitro are prone to substantial laboratory variation. Therefore, IR in control bulls and test 
subjects was concurrently monitored. Three control bulls were randomly chosen firom a pool 
of young sires available at the start of the study and were used throughout the study. 
Selection of bulls to be used as test subjects occurred periodically throughout the initial phase 
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of the project, based on planned semen distribution, pedigree, and haplotype at the bovine 
major histocompatibility complex DRB3 locus. The 60 bulls with the least relationship were 
chosen from all bulls that were being progeny tested at the time. Bulls that were 
homozygous for DRB2.2 alleles were not chosen in anticipation of future studies on the 
molecular basis of immune function. 
Each of the 60 test subjects was evaluated for IR within one of five groups between 
May 10. 1994 and April 20. 1995. Each group vvas evaluated over a 3-week period and 
consisted of 12 test subjects treated with DEX and 3 untreated controls. Leukocytes isolated 
from blood samples were used for immunological assays. Blood samples were collected on 
10 different days within each group. Sample dates reflect the date of first injection of DEX 
(day 0) and describe three potentially different periods within the immunosuppression model. 
Samples collected on days -5. -4, and -3 measure basal immune function levels (week 1). 
Days 2, 3,4, and 5 reflect immune ftinction during the week of injections (week 2) and 
samples collected on days 9. 10. and 11 measure immune function one week after injections 
(week 3). 'Whole blood samples from Stewartville, MN were delivered to the National 
Animal Disease Center. USDA-.A.RS in Ames. lA where leukocyte preparation and all assays 
of immune function were performed. Laboratory assays used in this study are listed in Table 
2. Blood samples typically arrived within 21-24 hours of collection. 
Leukocyte Counts (Total and DifTerential) 
Peripheral blood samples were taken by jugular venipuncture and drawn into tubes 
containing EDTA. Total leukocyte counts (cells/ml) were obtained via electronic cell 
counting (CellTrack. Angel Engineering Corp.. Trumbull. CT). Cytocentrifiige films were 
stained (StatStain. Volu-Sol Corp.. Henderson, NV) and a minimum of 200 cells per sample 
were differentiated into neutrophil band cells, mature segmented neutrophils, eosinophils, 
and mononuclear cells. Relative proportions and numbers of cells from the stated cell 
populations were calculated. 
Leukocyte Preparation for Functional Assays 
Peripheral blood mononuclear cells were isolated from whole blood buffy coats by 
density-gradient centrifugation as previously described (29). Mononuclear cells were 
resuspended in supplemented culture medium (2 X lO'' cells/ml). Granulocytes were isolated 
via centrifugation following lysis of red blood cells in hypotonic saline (29). The remaining 
cells were resuspended in physiologic phosphate buffered saline at 5 X 10^ cells/ml. 
Multiple assays of neutrophil function were performed with isolated cells. Eosinophils have 
been demonstrated to interfere with some assays (54), therefore, differential cell counts were 
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performed on granulocyte suspensions to quantify eosinophil levels and this information was 
utilized within the statistical analysis. 
Neutrophil Functional Assays and Lymphocyte Blastogenesis 
Random migration under agarose by neutrophils was evaluated at 39° C as reported 
with modification for data analysis (46). A large image of the migration area was traced 
using a microscope with a drawing attachment, and the area of the image produced was 
measured with a digitizing pad. Using morphomeiric analysis, the area of the projected 
image was mathematically converted to the actual migration area under agarose after the area 
of the center well was subtracted. Duplicate daily samples were used for each bull. 
Neutrophil directed migration under agarose was assessed at 39° C as described using 
zymosan-activated pooled bovine serum as a chemoattractant (46). Chemotactic ratio was 
calculated as the distance neutrophils migrated toward the chemoattractant divided by the 
distance neutrophils migrated away from the chemoattractant. Duplicate daily samples were 
used for each bull. 
Evaluations of neutrophil Fc receptor-mediated ingestion of antibody-coaled 
labeled Staphylococcus aureus were performed as described (54). Duplicate daily samples 
were used for each bull. Briefly, the assay was performed with 2.5 X 10^ neutrophils and 
bacteria-to-neutrophil ratio of 60:1. The assay was performed for 10 minutes at 39° C before 
stopping ingestion by addition of lysostaphin to digest e.\tracellular S. aureus. Neutrophils 
were washed, and ingested radioactive S. aureus was counted in a gamma counter. Original 
assay results were expressed as the proportion of 60 S. aureus ingested per neutrophil. 
Stimulated and resting superoxide anion production was measured with the 
cytochrome c reduction assay as described (6). Single daily samples were used for each bull. 
Briefly, the stimulated assay measured superoxide anion production from 1.25 X 10^ 
neutrophils added to a reaction mixture which included opsonized zymosan and 107 \iM 
cytochrome c solution in Earle's balanced salt solution. Opsonized zymosan was not 
included in the reaction mi.xture for the assay of resting cells. The assay was incubated for 
30 minutes at 39° C with vigorous agitation. Original assay results were expressed as nmoles 
O2 reduced/10^ neutrophil/hour. 
Native (nonluminol-dependent) chemiluminescence (CL) by stimulated neutrophils 
was measured as described (27). Single daily samples were used for each bull. Briefly, 
native CL was measured by a liquid scintillation counter in the out-of-coincidence mode, 
with the sample chamber heated to 39° C. Neutrophil CL was initiated by phagocytosis of 
opsonized zymosan added to 1 X lO" neutrophils in a fmal volume of 10 ml of Earle's 
balanced salt solution without phenol red. Light emission from a sample vial was measured 
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for 15 seconds at lO-minute intervals over a 90-minute period. Results were converted to 
area under the reaction curve and expressed as logio photons detected per 90-minute assay. 
Neutrophil myelopero.xidase-catalyzed iodination was investigated as described (54) 
with the exception that it was conducted at 39° C. Duplicate daily samples were used for 
each bull. Briefly, a solution containing 2.5 X lO'' neutrophils. 40 nmoles of Nal, opsonized 
zymosan, and was incubated for 20 minutes at 39° C. The reaction was stopped by the 
addition of 10% trichloroacetic acid. Resulting precipitate was washed two additional times 
in trichloroacetic acid and radioactivity was determined in a gamma counter. Original assay 
results were expressed as nmoles Nal incorporated/'10 neutrophils/hour. 
Assays measuring cytoxicity toward various target cells included zintibody-dependent 
neutrophil cytotoxicity (ADNC). antibody-independent neutrophil cytotoxicity (AINC), and 
a colorimetric bactericidal assay. Assessments of ADNC and AINC were performed as 
described (53). Duplicate daily samples were used for each bull. Briefly, cytotoxicity 
directed towards ''Cr-labeled chicken erythrocytes was evaluated at neutrophil-to-target 
ratios of 10:1. Assays were performed with concentrations of 1.25 X 10^ neutrophils for 2 
hours at 39° C. A subagglutinating concentration of bovine anti-chicken erythrocyte serum 
was added to the reaction mixture for ADNC but not for AINC. Serum was heated at 56° C 
for 30 minutes to destroy complement. Original assay results for ADNC and AINC were 
expressed as percentage release of''Cr. 
The colorimetric bactericidal assay was performed as described (69). Single daily 
samples were used for each bull. Briefly, neutrophils (1 X 10^ cells/ml) were incubated with 
opsonized S. aureus for 1 hour at a ratio of 10 bacteria per neutrophil. Neutrophils were then 
lysed wdth saponin. Tetrazolium compound was added and allowed to incubate for 10 
minutes. Live S. aureus bacteria reduce the tetrazolium compound to purple formazan, but 
dead bacteria and neutrophils do not react with the compound. Formazan production was 
quantified by measuring absorption at 560 nm and percentage of bacteria killed was 
determined by e.xtrapolation from a standard formazan cur\'e. Original assay results were 
expressed as percent bacteria killed. 
Lymphocyte blastogenesis assays were performed as described (28) with the 
following modification. Blastogenesis of T lymphocytes was measured in culture media 
containing 0.5, 1.0. and 5.0 mg of concanavalin A (ConA. C-5275; Sigma Chemical 
Company, St. Louis, MO). Blastogenesis of T lymphocytes was also evaluated in the 
absence of ConA. Lymphocyte blastogenesis was expressed as uptake of tritiated thymidine 
obtained from triplicate daily samples. 
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Statistical Analyses 
Daily phenotypic means were calculated for each bull treated with DEX if a particular 
immunological assay was completed with multiple samples. A daily group mean was 
calculated across the 3 control bulls within each assay. Functional neutrophil assays and 
lymphocyte biastogenesis are influenced by daily laboratory variation. The group of 
untreated control bulls was used as a standard for comparison. Previous studies have 
analyzed data from immunosuppressed subjects as a ratio or percent of the control mean (5, 
9). This approach was used in this study also to help account for daily laboratory variation. 
Daily ratios were obtained for bulls treated with DEX by dividing the daily mean of the 
individual bull by the daily mean of the control group. Ratios were computed for all 
measures, including leukogram data. Phenotypic means and standard deviations were 
computed for each day across groups using the Means procedure of SAS (61). Data from all 
immunological assays were continuously distributed. 
Hypothesis testing was required to test fixed effects included in the analyses of IR 
traits. Mixed model methodology is more appropriate than ordinary least squares for 
hypothesis testing if random effects other than the residual are to be included in the model 
(33). A general approach was used in the analyses of all immunological data. First, a 
preliminary analysis was completed to determine suitable fixed effects to be included in a 
model and the distribution of random residuals was checked for normality. Second, variance 
components for random effects were estimated. Finally, variance component estimates were 
incorporated into the mi.xed model equations and equations were solved directly using the 
Mixed procedure of SAS (61). Tests of fi.xed effects were performed as described (61). 
Model definition and preliminary analyses. Dexamethasone causes alteration of 
several immunological parameters but the daily change in IR is not well documented. 
Seasonal (5) and additive genetic variation (9) have been reported to have a significant effect 
on in vitro assays of IR. The following model was used for analyses of individual bulls 
lymphocyte biastogenesis assays and leukogram data: 
yijk = groupi + dayj -i- (group X day)ij + animalk + e^k [I] 
where 
yijk = value of assay n expressed as a percentage of the control group mean for 
animal k (k = 1,2 60) from group i taken on dayj 
|j. = overall mean for a particular assay, 
groupi = fixed effect of group i (i = I, 2, 3. 4, 5), 
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dayj = fixed effect of day relative to DEX (j = -5. -4. -3, 2. 3. 4, 5. 9, 10. 11), 
(group X day)ij = fixed etTect of the interaction of group i and day j. 
animalu = random effect of animal k assumed N(0. la'a). and 
ejjv, = random error term assumed N(0. la^e)-
Eosinophils have been reported to interfere with functional neutrophil assays (54). 
Differential cell counts were performed on granulocyte suspensions to quantify eosinophil 
levels. Results are listed in Table 1. It is unclear if the very low levels of eosinophil 
contamination in periods of immunosuppression will influence in vitro neutrophil assays. 
Equation [1] was modified to include eosinophil contamination as a covariate; 
yijkm = |i groupi + dayj ^ (group X day)ij + Pm(eoskm) animalk + e^km [2] 
where eoskm represents the average eosinophil contamination level of animal k within week 
m (m = 1,2, 3), Pm represents the regression coefficient for week m for the fixed effect of 
eosinophil contamination, and all other variables are defined as in Equation [1]. 
Equation [1] and [2] contain random residuals with assumed normal distributions and 
mean zero. Data transformation has been used to achieve more nearly normal distribution of 
immunological data (9). Square-root and logio transformations were applied to the daily 
ratios for each trait. The Mixed procedure of SAS and Equations [1] and [2] were used to 
analyze data sets with untransformed dependent variables and, alternatively, transformed 
variables. The distribution of residual terms from each analysis was then analyzed with the 
Univariate procedure of SAS to check for normality. If the distribution of untransformed 
residuals showed evidence of a departure from normality (P<0.01) using a Shapiro-Wilk test 
statistic, then a transformation may be appropriate and was utilized if transformed residuals 
did not show significant departure from normality. Following preliminary analyses. 
lymphocyte blastogenesis and leukogram ratios were transformed using logio and square-root 
transformation, respectively (results not shown). Data from other assays listed in Table 2 
were not transformed. 
Estimation of variance components. Additive genetic and residual variance 
components for each of the 15 IR measures were estimated using restricted maximum 
likelihood with the MTDFREML algorithm (2). In contrast to the preliminary analyses that 
did not consider relationships among individuals in the study, a full relationship matrix was 
used for variance component estimation. Single-trait animal models were utilized for 
variance component estimation in all cases. Variance components were estimated at least 3 
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times for each trait using different staning values for additive genetic and residual variances. 
Starting values were selected to reflect heritabilities of 0.50, 0.25, and 0.05. All analyses 
converged to the convergence criterion established as 1 X 10'*^ in all cases. 
Solving the mixed model equations and hypothesis testing. The Inbreed procedure 
of SAS was used to form the additive genetic correlation matrix among animals in the study. 
The additive genetic (co)variance matrix for the n"' assay was defined as G = Aa~a, where G 
represents the estimated additive genetic (co)variance matrix for assay n. A represents the 
numerator relationship matrix, and a"a represents the estimate of the additive genetic 
variance for assay n. The estimate of residual variance for assay n is symbolized as c'e-
Estimates of G and a'e were directly input into the Mixed procedure of SAS. Equation [1] or 
[2] and the Mixed procedure of SAS were used to obtain direct solutions for the mixed model 
equations. If data analysis indicated that eosinophil contamination was not a significant 
source of variation within a particular assay the covariate was dropped from the model and 
the analysis was run a second time. Solutions were obtained for fixed effects by setting the 
final level of each class of fixed effects to zero. Marginal means for weeks I, 2. and 3 and 
days 2 through 11 were obtained using estimable functions of the fixed effects in the 
Equations [1] and [2]. These estimates were BLUE of marginal means for assay values. 
Linear contrasts between the week one marginal mean and each of the daily marginal means 
within weeks 2 and 3 were performed using i tests as described (61). Contrasts were also 
performed between marginal means for weeks 1. 2. and 3. 
RESULTS 
Residual and additive genetic variance component estimates for 15 IR assays are 
listed in Table 2. Each assay of IR was considered a single trait, with repeated measures 
used for each bull. Estimated heritabilities are also listed in Table 2. Heritabilities for 
functional neutrophil assays were generally lower than 0.15, although random migration, 
ingestion of S. aureus, ADNC, and AINC had higher heritability estimates. Heritabilities for 
lymphocyte blastogenesis and leukocyte populations in the peripheral blood tended to be 
greater than 0.15 (Table 2). 
Results for tests of fixed effects are listed in Table 3. Statistically significant effects 
(P<0.01) of group, day. and the interaction of group and day were found for virtually all 
assays. Eosinophil contamination was a significant source of variation in the iodination 
(P<0.01). bactericidal activity (P<0.01), and random migration (/'<0.05) assays only. 
Solutions for fixed effects were used to generate marginal means listed in Tables 4 and 5. 
Analyses of lymphocyte blastogenesis data due to addition of varying concentrations of 
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ConA revealed nearly identical results (data not shown). Only the results of blastogenesis 
due to addition of 5.0 mg ConA to lymphocyte cultures are listed. 
Changes in Leukograms 
Figures 1-3 illustrate changes in peripheral blood leukocyte counts over the course of 
the immunosuppression model. Figure 1 displays changes in leukocyte counts as a 
percentage of the controls. Mean leukocyte counts of the bulls treated with DEX are detailed 
in Figures 2 and 3 and are illustrated for comparative purposes only. Statistical analyses 
were performed on the data expressed as a ratio of the control group mean. 
A dramatic peripheral blood neutrophilia was immediately apparent following DEX 
treatment. Mature neutrophil levels were over 4 times greater in treated bulls compared to 
concurrently sampled control bulls (Figure 1). Circulating numbers of neutrophils decreased 
sharply on Day 4. Table 4 lists the marginal means for weeks 1, 2, and 3. Significant 
differences in mature neutrophil levels are apparent in all three periods (/'<0.01), with the 
highest level in week 2 and the lowest level in week 3. Table 5 lists the marginal means for 
all days in weeks 2 and 3. The marginal mean for neutrophil count on day 5 was not 
different from the week 1 estimate, but levels continued to decline until leveling out in days 
9. 10, and 11. Changes in circulating neutrophil band cells appeared to be similar to changes 
in mature neutrophils (Figure 2). Band cells were not examined as a percent of controls, as 
control bulls rarely had detectable numbers of neutrophils at this lower stage of development. 
Eosinopenia occurred concurrently with the neutrophilia seen in week 2 (Figures 1 
and 3). Mean eosinophil ratios differed significantly in all weeks (/'<0.0l) as seen in Table 
4. Table 5 also clearly displays the drop in circulating eosinophil levels in comparison to 
control bulls. Eosinophil levels in treated bulls were only 26% of control bulls at the end of 
the immunosuppression model (Table 5). 
Peripheral blood mononuclear cells displayed a pattern similar to eosinophils, 
although the reduction in PBMC due to treatment with DEX is far less severe (Figures 1 and 
3). Ratios of PBMC are significantly lower in week 2 than in weeks I or 3 (/'<0.01) and 
week 3 is significantly different than week 1 (/'<0.0l) (Table 4). 
Changes in Neutrophil Functional Assays 
Figures 4-8 reveal several alterations in neutrophil function as a result of DEX. 
Marginal means for weeks 1, 2, and 3 are listed in Table 4 and marginal means for days 
within weeks 2 and 3 are listed in Table 5. 
The cytochrome c reduction assay was used to measure superoxide anion production 
by resting and stimulated neutrophils. Superoxide anion production in resting neutrophils is 
clearly impaired in weeks 2 and 3 (Figure 4). Marginal means were significantly lower in 
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weeks 2 and 3 in comparison to week 1 (P<0.01) (Table 4). Table 5 illustrates that measures 
of cytochrome c reduction in resting cells in weeks 2 and 3 did not recover to original basal 
levels measured in week I (P<0.01). In contrast to resting cells, cytochrome c reduction in 
stimulated cells did not fall immediately following DEX treatment but did drop below basal 
levels briefly. Marginal means for cytochrome c reduction in stimulated cells did not differ 
between weeks 1 and 2. but week 3 was slightly lower than the previous weeks (/'<0.01) 
(Table 4). Days 5 and 9 were significantly lower than vveek I means (/'<0.01), although the 
magnitude of the drop is not large. 
Alteration of native CL in stimulated neutrophils was not evident until week 3 (Figure 
5). Marginal means for the native CL assay in weeks 1, 2, and 3 were 1.04, 1.05, and 0.85, 
respectively (Table 4). Days 9, 10. and 11 were all significantly lower (/'<0.01) than the 
marginal mean for week 1 (Table 5). 
Myeloperoxidase activity, as measured by the iodination assay, was clearly impaired 
due to DEX. As seen in Figure 5 and Table 5. the nadir of immunosuppression was reached 
on day 3 and assay values slowly increased from day 3 to day 11. Daily iodination values in 
weeks 2 and 3 were significantly lower (/'<0.0l) than basal iodination levels, with the 
exception of day 11 (Table 5). Marginal means for weeks 1. 2, and 3 were 0.94, 0.71, and 
0.82, respectively, and differed from each other significantly (/'<0.01). 
Glucocorticoid-induced impairment of ADNC was clearly evident (Figure 6). A 
sharp drop in ADNC on days 2 and 3 was seen in bulls treated with DEX, followed by a 
recovery to basal levels in days 9. 10. and 11. Means for ADNC in weeks 1 and 3 were not 
significantly different {P>0.90) as seen in Table 4. Values for AINC were much more erratic 
than other assays. Ratios declined sharply after DEX administration and did not recover to 
basal levels (Table 5). Test subjects had substantially higher AINC than untreated controls 
prior to DEX administration, however, raising questions on the variability of this measure. 
In contrast to the previously described measures, the rate of ingestion of S. aureus by 
stimulated neutrophils was enhanced following administration of DEX. (Figure 7). 
Furthermore, general cytotoxic effects on S. aureus, measured by the colorimetric 
bactericidal assay, were also augmented (Figure 7). Average bactericidal ratios increased 
from I.l 1 in week 1 to 1.27 in week 2 (Table 4). The difference between week I and 2 was 
significantly different (/'<0.01) and bactericidal function returned to basal levels in week 3. 
Increases in neutrophil function measured by the ingestion assay were sustained throughout 
weeks 2 and 3, although it appears that ingestion may have peaked between days 5 and 9 and 
is returning to levels seen prior to administration of DEX (Table 5). 
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Random migration was significantly higher (P<0.01) in week 2 than week 1 (Figure 
8. Table 4). More specifically, random migration was significantly elevated (P<0.01) in days 
2 and 3 in comparison to basal migration levels and returned to normal levels in subsequent 
days (Table 5). Administration of DEX did not affect neutrophil function measured by the 
directed migration assay in a consistent manner (Figure 8. Table 5). No difference was found 
between weekly measures (Table 4) and differences in daily measures were small in scale 
(Table 5). 
Changes in Lymphocyte Blastogenesis 
Blastogenic transformation of lymphocytes was studied in the absence of mitogen and 
in the presence of ConA. Results were similar for both nonstimulated and stimulated 
measures (Figure 9). Both blastogenesis measures were lower during the week of DEX 
treatments than the prior week. Differences between week 1 and week 2 marginal means 
were significantly different (?<0.01) from zero in nonstimulated and stimulated measures 
(Table 4). Blastogenesis in the absence of Con A returned to basal levels in week 3 as seen 
in Tables 2 and 3. A significant difference (P<0.01) was noted between weeks 1 and 3 in the 
lymphocytes stimulated with Con A (Table 4), although only day 11 is significantly higher 
than the week 1 marginal mean (Table 5). 
DISCUSSION 
Periparturient immunosuppression is well documented and results, in part, from 
increased levels of corticosteroids as parturition approaches (15). A biological model of 
periparturient immunosuppression is required to examine this phenomenon in dair>' males. 
Dexamethasone was used as the immunosuppressive agent in our biological model. If the 
intended result of selection is to enhance IR within the periparturient period, a logical step in 
the evaluation process is to compare specific immunological changes caused by DEX with 
changes normally seen in the periparturient period. 
Administration of DEX to subjects in this study caused a transient neutrophilia 
involving both mature segmented neutrophils and neutrophil band cells. Segmented and 
band neutrophils were elevated concurrently on days 2 and 3 before declining below non-
stressed levels on subsequent days (Table 5). Peripanurient cattle also e.xperience 
neutrophilia immediately prior to calving when blood corticosteroid levels peak (16). 
Neutropenia follows calving (5, 8. 16) and may be due to rapid movement of neutrophils 
from the blood to the reproductive tract (17). Immature band cell populations increase in the 
peripheral blood supply after the mature segmented population has declined appreciably. 
Administration of DEX to dair>' cows in midlactation caused mature and immature 
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neutrophilias concurrently (3) that correlated in time with an acute, short-lived down-
regulation of L-selectin at the neutrophil surface. 
Although transient increases in neutrophil populations were seen in the experimental 
subjects, circulating eosinophils decreased substantially (Tables 4 and 5). Eosinophil levels 
remained very low in experimental subjects. This result is closely paralleled by changes in 
the peripzirturient cow. Periparturient cattle experience a prolonged eosinopenia (5. 8). 
Administration of DEX caused a decline in mononuclear cell numbers in the 
peripheral blood. Prior to DEX. mononuclear cell counts in experimental subject were 122% 
of the daily control group means (Table 4). The percentage of conurols dropped to 91% in 
week 2 and rebounded slightly to 105% in week 3. No differentiation was made between 
monocyte and lymphocyte populations in this study. Peripheral blood lymphocytes have 
been reported to decline (24. 60) or remain static (5) as parturition approaches. One study 
reported relatively static numbers of monocytes throughout the periparturient period (5). 
Several aspects of neutrophil function were altered as a result of DEX (Tables 4 and 
5). Ingestion of opsonized S. aureus and bactericidal activity directed against S. aureus were 
enhanced following DEX treatment. Conversely, impairment of neutrophil functions 
measured by the iodination. cytochrome c reduction, native CL, ADNC, AINC, and random 
migration assay was found. Results were similar to previous reports of DEX associated 
alteration of neutrophil function (52. 55). Changes in neutrophil function due to DEX 
administration in the current study are similar to changes documented in periparturient cows 
(5, 8. 14. 27. 60). Ingestion of opsonized S. aureus has consistently been reported to increase 
as calving approaches and remain high during the weeks immediately following parturition 
(5. 8, 27). Myeloperoxidase activity, measured by the iodination assay, declines substantially 
in periparturient cattle and remains lower than precalving levels for several weeks (5, 8, 27). 
Measures of superoxide anion production in periparturient dairy cattle have, in general, been 
reported to decline (5, 8. 14, 27) as have measures of native CL (8. 27). Conflicting results 
have been reported for ADNC in periparturient cattle as both diminished (5, 27) and 
augmented (8) activity has been reported. Consistent with the results of the current study, 
chemotaxis measured by the directed migration assay is unchanged in periparturient cattle (5, 
8). Also, random migration by neutrophils has been reported to be enhanced immediately 
prior to calving (8, 27) with declines in random migration reported one week after 
parturition. Changes in neutrophil function measured by the colorimetric bactericidal assay 
and AINC have not been reported extensively in the literature. Kehrli et al. (26) reported no 
statistically significant change in AINC values but a significant increase in cytotoxicity 
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measured by the colorimetric bactericidal assay when comparing Holsteins before and after 
calving. 
Lymphocyte blastogenesis with and without the T cell mitogen ConA was 
significantly lower in dair>' bulls during week 2 (Table 4). A previous report has documented 
smaller, nonsignificant reductions in lymphocyte blastogenesis due to ConA (52). although 
DEX treatment protocol differed from the current study. Lymphocyte blastogenesis due to 
ConA in periparturient cattle has generally been suppressed as parturition nears (21, 28, 60) 
although reported changes were not significant in all cases (8. 64). One study reported 
enhanced blastogenesis of T cells in the absence of mitogenic stimulation in periparturient 
cattle (28). although the report was based on few animals and acknowledged that disease 
status may have substantially altered this measure. 
When viewed from the broad perspective, the DEX-induced model of 
immunosuppression compares favorably with the natural phenomenon of periparturient 
reduction in IR. A comparison of the results of the current study with the evidence 
describing periparturient immunosuppression revealed identical directional changes in 11 of 
15 measures of IR. Evidence regarding peripanurient changes in the remaining 4 assays has 
been conflicting (ADNC). inconclusive (unstimulated mitogenesis). or nonexistent (AINC 
and colorimetric bactericidal assays). 
Additional reports of the immunological changes elicited by DEX lend further 
support to the use of DEX within a model of periparturient immunosuppression. Treatment 
with DEX significantly alters the composition of lymphocyte populations in peripheral blood 
(4. 47). Lymphocytes e.xpressing the pan-T lymphocjte marker CD3 decline substantially in 
response to DEX (47). A reduction in the number of yo T cells in the peripheral blood of 
DEX treated cattle has been reported (4, 47), as well as smaller reductions in the number of 
CD4^ and CDS' T lymphocytes. The percentages of mononuclear cells identified as 76 T 
cells or CD8^ T cells isolated from mammary parenchyma are significantly lower in 
periparmrient cattle as compared to midlactation cattle (63). Additionally, a higher 
proportion of PBMC expressing class II major histocompatibility complex antigens was 
found in periparturient cows than lactating cows (64). The same result has also been shown 
in dairy cattle following DEX treatment (47). 
It is recognized that questions remain relative to the use of DEX to simulate 
periparturient immunosuppression. The synthetic glucocorticoid was used as a solitary 
immunosuppressive agent and caused rapid changes in IR. Cattle are likely to encounter 
additional suppressive factors within the periparturient period (15). Nutritional stressors such 
as a change in appetite or ration quality are commonly encountered on commercial dairy 
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farms. Furthermore, the role of naturally occurring peptides that are associated with 
pregnancy, such as gravidin (77). have not been clarified in ruminant species. Given the 
multiplicity of potentially immunosuppressive factors, however, it seems unlikely that 
periparttirient immunosuppression can be mimicked perfectly in males. 
A second potential criticism of the use of DEX is that pharmacological dosages of 
DEX are used within the biological model. .A.dministration of Cortisol to cattle in 
midlactation at physiological dosages commonly found in periparturient cattle does not have 
the dramatic immunosuppressive effect common to DEX usage (3). Given the similarity of 
outcomes of assays of IR when comparing induced and naturally occurring 
immunosuppression, however, it appears quite likely that elevated corticosterone levels as 
parturition nears results in alteration of the immune response in a marmer similar to that 
e.xhibited by DEX. 
A third potential criticism of this biological model is the slightly altered kinetics of 
the response of mature and immature neutrophils in DEX-treated bulls as compared to cows 
at calving. Bulls treated with DEX experience concurrent neutrophilias involving mature and 
immature neutrophils, followed by steep declines in both populations (Figures 1 and 2). 
.Although increased levels of immature neutrophil band cells may be seen prior to calving, 
the cell population generally appears after large numbers of mature neutrophils have exited 
the circulation (8). It is unclear how these differences may affect the comparison of DEX-
induced and periparturient immunosuppression. In spite of the acknowledged questions 
regarding the proposed model of immunosuppression, use of DEX appears plausible and 
justified as a simple, yet effective, marmer to evaluate IR in individuals unable to experience 
the sex-limited phenomenon of periparturient immunosuppression. 
Several fi.xed effects contributed significantly to the variation expressed in assays of 
IR (Table 3). Immunoresponsiveness testing of the 5 different groups of bulls was initiated 
in May. July. September. February, and April. Previous research found significant seasonal 
variation in results of neutrophil function assays (5 ). Results of the random migration and 
.ADNC assays were significantly lower during the winter season than during other seasons 
(5). The results of the current study were also affected by seasonal variation and this 
variation was accounted for by inclusion of a group effect in Equations [I] and [2]. As 
expected, day relative to DEX administration was also a significant source of variation 
(Table 3). In most cases, the zenith or nadir of change within IR was seen within the week of 
DEX treatments (Table 5) and this was in agreement with previous reports in the literature (3, 
52. 55). Group-by-day interactions were significant for all assays, indicating that the kinetics 
of DEX-induced immunosuppression were not identical for all groups. 
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Each IR assay in the current study was considered a single trait expressed across both 
stressed and non-stressed periods. Only one previous study has reported heritability 
estimates for IR assays in dairy cattle (9). Heritability estimates in the current study ranged 
from 0.10 to 0.45 (Table 2) and are comparable to previously reported estimates (9), although 
both studies are based on few animals. Although genetic parameter estimates based on small 
populations must be interpreted with caution, the relative difficulty and cost of obtaining 
ftmctional IR data from large numbers of dairy cattle in the field limits the scope of any study 
of genetic control of IR. The use of young .A.I sires is unique in this study. The 60 
experimental subjects were the progeny of 24 different sires, including 5 patemal half-sib 
families with 5 or more members of the experimental group. Large half-sib families were 
distributed across multiple groups and use of the relationship matrix enhanced data 
connectedness. 
The previous report of genetic variation for IR assays considered each IR assay as 
multiple biological traits dependent on immunological status (9). Heritability estimates for 
IR assays were dissimilar when computed with data collected before, during, or after 
immunosuppression (9), indicating that IR may be controlled by different genes across the 
periparturient period. Familial resistance to the effects of glucocorticoids has been 
dociunented in man and primates (23. 50). Resistance to the effects of glucocorticoids can be 
traced to mutations within the gene encoding the glucocorticoid receptor that is required for 
this family of steroid hormones to exert biological effects (23). Although glucocorticoid 
resistance has not been documented in ruminants, it can be speculated that a particular set of 
genes may direct IR at basal levels and a second set of genes may be involved in the degree 
to which an individual is susceptible or resistant to the regulator)' effects of corticosteroids. 
Aspects of the present study can be viewed as providing preliminary results for a 
companion study that investigated each IR assay as 3 different traits where a trait was viewed 
as IR measured by a particular assay within either weeks 1, 2, or 3. Significant phenotypic 
differences between at least two marginal means for weeks within assay are present for all 
tests of IR with the exception of neutrophil directed migration (Table 4). All weeks were 
significantly different from each other in some cases, providing natural boundaries for each 
trait. Alternatively, linear contrasts between marginal means for basal immune function and 
daily marginal means following DEX treatment (Table 5) could be used to define boundaries 
for each immunological period that var>' for each assay, although results may be more 
difficult to interpret. 
The results of the current study are an integral part of a larger project, initiated in 
1994, investigating disease resistance in U.S. Holsteins. The project has been previously 
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described (13). Briefly, a battery' of immune function assays was used to determine the 
general IR of young dairy bulls awaiting progeny test results. The results of these tests are 
presented in the current study and a companion paper (32). Dairy producers agreed to record 
incidence and treatment of clinical disease in the female progeny of these young bulls from 
birth to the end of first lactation. The objective of the larger study is to determine which IR 
assays measured in young bulls are predictive of future health of daughters under conditions 
of commercial production. 
Clearly, prediction of genetic ability for various aspects of immune response is a 
required element in the fulfillment of the objective of the larger project. With this in mind, 
an unexpected but potentially important result of genetic parameter estimation within the 
current study is listed in Table 6. Newly estimated variance components were used within 
the MTDFREML software to generate animal solutions for all animals with and without 
records. These animal solutions (breeding values) can be interpreted as an estimate of the 
animal's additive genetic merit for a particular trait. Breeding values for IR assays were 
sorted in ascending order and a casual review of the results revealed that members of paternal 
half-sib families were often clustered near the ends of the respective rankings. The 
neutrophil iodination assay provides an example of familial differences exhibited in 
fimctional IR assays. Results are listed in Table 6 for two large paternal half-sib families. 
Several aspects of neutrophil function are required to perform this functional assay including 
ingestion of opsonized target cells, generation of superoxide anion, formation of a 
phagolysosome, and degranulation of primary granules containing functional 
myeloperoxidase. Low values for the iodination assay may be the result of deficiency in any 
one of these necessary steps. Additional studies with these two families may clarify the 
nature of differences between these two families. 
CONCLUSIONS 
Dexamethasone-induced immunosuppression is a simple, yet effective, method to 
mimic periparturient immunosuppression in young dair\' bulls. Proper evaluation of specific 
assay results from individual bulls requires the consideration of season, day relative to DEX 
administration, and. in some cases, contamination of cell isolates by unwanted leukocyte 
populations. Genetic parameter estimates indicate that sufficient additive genetic variation 
may exist in the U.S. Holstein population to facilitate selection for improved IR, although 
variance components were estimated with few numbers of animals and must be regarded as 
preliminary. Genetic parameters were estimated for each assay as a single trait across all 
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weeks within the biological model, however, each assay could be split into multiple traits 
dependent on physiological status of the experimental subject at time of sampling. 
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Table 1. Eosinophil contamination of granulocyte suspensions used for functional neutrophil 
assays. Contamination is calculated as ratio of granulocytes identified as eosinophils over 
the total number of granulocytes within suspensions as determined by differential cell counts. 
Day relative to 
dexamethasone treatment 
Eosinophil contamination of granulocyte suspensions 
•Average % (std dev) Range 
-5 7.9(8.5) 0 - 30.0% 
-4 8.1 (8.9) 0 - 36% 
-3 7.6 (7.0) 0 - 28% 
2 0.2 (0.5) 0 - 4% 
3 0.2 (0.7) 0-4% 
4 1.2(1.7) 0 - 9% 
5 1.8(2.8) 0-13% 
9 3.8 (4.2) 0-19% 
10 2.8 (3.7) 0-15% 
11 3.2 (3.8) 0-16% 
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Table 2. Restricted maximum likelihood estimates of variance components and heritabilities 
for assays of immune function. Assays include antibody-dependent neutrophil cytotoxicity 
(ADNC). antibody-independent neutrophil cytotoxicity (AJNC), native chemiluminescence 
(native CL), cytochrome c reduction in resting (Cyto c rest) and stimulated neutrophils (Cyto 
c stim), bactericidal assay, directed and random migration , ingestion of Staphylococcus 
aureus (Ingestion), iodination. lymphocyte blastogenesis due to concanavalin A (ConA), 
spontaneous blastogenesis (Nostim). and cell counts of neutrophils, eosinophils, and 
mononuclear cells. 
Variance component estimates 
Immune assay Additive genetic Residual Heritability 
Neutrophil assays 
ADNC 0.017 0.038 0.30 
AINC 0.338 0.527 0.39 
Native CL 0.003 0.020 0.13 
Cyto c rest 0.024 0.159 0.12 
Cyto c stim 0.003 0.018 0.13 
Bactericidal 0.004 0.033 0.11 
Random migration 0.017 0.059 0.23 
Directed migration 0.002 0.019 0.10 
Ingestion 0.010 0.029 0.24 
Iodination 0.007 0.040 0.14 
Lymphocyte blastogenesis ' 
ConA 0.017 0.076 0.18 
Nostim 0.082 0.101 0.45 
Leukograms' 
Neutrophils 0.012 0.029 0.29 
Eosinophil 0.018 0.146 0.11 
Mononuclear cells 0.005 0.014 0.26 
Blastogenesis data were transformed using log 10 transformation. 
Leukogram data were transformed using square-root transformation. 
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Table 3: Results of generalized least squares analysis of data collected from IR assays 
including antibody-dependent neutrophil cytotoxicity (AJDNC), antibody-independent 
neutrophil cytotoxicity (AINC), native chemiluminescence (native CL), cytochrome c 
reduction in resting (Cyto c rest) and stimulated neutrophils (Cyto c stim), bactericidal assay, 
directed and random migration , ingestion of Staphylococcus aureus (Ingestion), iodination. 
lymphocyte blastogenesis due to concanavalin A (ConA), spontaneous blastogenesis 
(Nostim), and cell counts of neutrophils, eosinophils, and mononuclear cells. 
Immune assay 
Type III f-statistics for fixed effects in Equation [I] or [2] ' 
Group Day Group* Day Eosinophil 
Neutrophil assays 
ADNC 5.32" 30.25" 5.28" 0.73 
AINC 1.57 15.18" 9.00" 0.52 
Native CL 4.92" 17.24" 9.31" 0.26 
Cyto c rest 5.47" 5.54" 5.55" 0.66 
Cyto c stim 5.31" 5.38" 5.70" 0.09 
Bactericidal activity 56.06" 21.79" 20.18" 5.90" 
Random migration 2.17' 6.26" 4.54" 2.64" 
Directed migration 1.49 10.19" 4.89" 0.77 
Ingestion 25.50" 5.82" 15.95" 0.15 
Iodination 8.59" 6.73" 6.43" 4.08" 
Lymphocyte blastogenesis ^ 
na * ConA 6.98" 15.36" 4.00" 
Nostim 0.56 14.68" 10.71" na 
Leukograms' 
Neutrophils 9.65" 337.92" 12.07" na 
Eosinophil 6.85" 43.36" 3.36" na 
Mononuclear cells 10.22" 25.26" 7.79" na 
Equation [1] was used for blastogenesis and leukogram data. Equation [2] was used 
for ftmctional neutrophil assays. 
Eosinophil contamination within granulocyte suspensions. 
Blastogenesis data were transformed using log 10 u-ansformation. 
Not used in final analysis of specific assay 
Leukogram data were transformed using square-root transformation. 
P<0.10 
P<0.05 
^<0.01 
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Table 4: Marginal means for neutrophil functions, leukograms, and lymphocyte 
blastogenesis by week' including antibody-dependent neutrophil cytotoxicity (ADNC), 
antibody-independent neutrophil cytotoxicity (AINC), native chemiluminescence, 
cytochrome c reduction in resting and stimulated neutrophils, bactericidal assay, directed and 
random migration, ingestion of Staphylococcus aureus (Ingestion), iodination, lymphocyte 
blastogenesis due to concanavalin A (ConA), spontaneous blastogenesis (Nostim), and cell 
counts of neutrophils, eosinophils, and mononuclear cells. All assays are expressed as 
percent of controls. 
Immune assays Week 1 Week 2 Week 3 
Neutrophil assays 
ADNC 110' 80" 110' 
AINC 197" 108*' lOl" 
Native chemiluminescence 104' 105' 84" 
Cytochrome c reduction — resting 85' 45" 51" 
Cytochrome c reduction — stimulated 95' 98' 9l" 
Bactericidal activity 111' 127" 112' 
Random migration 81' 95" IT 
Directed migration 98' 101' 101' 
Ingestion 121' 122' 131" 
Iodination 94' 7l" 82' 
Lymphocyte blastogenesis ^ 
ConA 93' 60" 115= 
Nostim 114' 67" 109' 
Leukograms ' 
Neutrophils 123' 282" 93c 
Eosinophil 105' 10" 26" 
Mononuclear cells 122' 9l" 105' 
' Week 1 = days -5, -4. and -3; Week 2 = days 2, 3, and 4; Week 3 = days 9, 10, and 11. 
" Means of transformed data expressed in the original scale 
^ Values within a row with different superscripts are significantly different fi-om one another (P<.01). 
Table 5: Comparison of marginal means for measures of immune function in week 1 and marginal means for measures of immune 
function taken in the days after treatment with dexamethasone. Immune response traits include antibody-dependent neutrophil 
cytotoxicity (ADNC), antibody-independent neutrophil cytotoxicity (AINC), native chemiluminescence (native CL), cytochrome c 
reduction in resting (Cyto c rest) and stimulated neutrophils (Cyto c stim), bactericidal assay, directed and random migration , 
ingestion Staphylococcus aureus (Ingestion), iodination, lymphocyte blastogenesis due to concanavalin A (ConA), spontaneous 
blastogenesis (Nostim), and cell counts of neutrophils, eosinophils, and mononuclear cells. 
Week I Marginal means for day after first dexamethasone treatment 
Immune assay Mean (95% CI)' 2 3 4 5 9 10 11 
Neutrophil assays 
ADNC 1.10 ( 1.06- 1.14) 0.74' 0.73' 0.93' 1.04' 1.13"' 0.98' 1.19" 
AINC 1.97 ( 1.80- 2.15 ) 0.92' 0.99' 1.33' 1.41' 1.05' 0.89' 1.12' 
Native CL 1.04 ( 1.02 - 1.07) 0.99"' I.IO'' 1.05'" 1.07"' 0.86' 0.77' 0.88' 
Cyto c rest 0.85 (0.76 - 0.94 ) 0.43' 0.38' 0.55' 0.43' 0.50' 0.44' 0.59' 
Cyto c stim 0.95 (0.93 - 0.97) 1.03'' 0.96'" 0.93'" 0.89' 0.87' 0.94"' 0.92"' 
Bactericidal I . I I  ( 1.07- 1.14 ) 1.21'' 1.24" 1.37'' 1.47" 1.15"' 1.05"' 1.17"' 
Random migration 0.81 (0.76 - 0.86) 0.99'' 0.99*' 0.86"' 0.73"' 0.68' 0.81"' 0.83'" 
Directed migration 0.98 ( 0.97 - 1.01 ) 1.04'' 0.94*" 1.06'' I.IO" 0.93' l . l l "  0.99"' 
Ingestion 1.21 (  I . I7- 1.24 ) 1.19'" 1.30'' 1.20"' 1.42" 1.35" 1.28" 1.29" 
Iodination 0.94 (0.91 - 0.98) 0.74' 0.62' 0.76' 0.75' 0.80' 0.80' 0.87"' 
Lymphocyte blastogenesis ^ 
ConA 0.93 (0.82 - 1.06) 0.56' 0.59' 0.66' 0.48' 1.04"' 1.17"' 1.26" 
Nostim 1.14 (0.94 - 1.39) 0.57' 0.89'" 0.59' 0.55' 0.91"' 1.39"' 1.02"' 
Leukograms ^ 
Neutrophils 1.23 (  1 .15- 1.31 ) 4.47'' 4.06'' 1.91'' 1.25"' 0.93' 0.93' 0.92' 
Eosinophil 1.05 (0.92 - 1.19)  0.04' 0.03' 0.14' 0.2l' 0.24' 0.27' 0.26' 
Mononuclear cells 1.22 (  1 .17- 1.28 ) 1.17"' 0.91' 0.81' 0.83' 1.08' 1.07' I.OO' 
' Marginal mean and 95% confidence interval for each immune assay based on information from days -5, -4, and -3. 
^ Means and confidence intervals of transformed data expressed in original scale 
** Marginal mean for day relative to dexamethasone treatment was significantly higher than the week 1 marginal mean. 
' Marginal mean for day relative to dexamethasone treatment was significantly lower than the week 1 marginal mean. 
Marginal mean for day relative to dexamethasone treatment was not significantly different than the week 1 marginal mean. 
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Table 6: Comparison of the members of two paternal half-sib families based on breeding 
veilues for neutrophil iodination. Bulls (n=60) were sorted in ascending order by magnitude 
of breeding value. Breeding values were estimated using MTDFREML software and 
Equation [2], 
Sire Bull used within project 
Breeding value rank 
(1 =high, 60=low) 
A A1 2 
A A2 4 
A A3 6 
A A4 7 
A A5 8 
B B1 15 
B B2 49 
B B3 52 
B B4 55 
B B5 56 
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IMMUNOLOGICAL PARAMETERS OF HOLSTEIN BULLS: 
II. GENETIC AND PHENOTYPIC VARIATION EXPRESSED 
WITHIN THE CONTEXT OF A GLUCOCORTICOID-INDUCED 
MODEL OF IMMUNOSUPPRESSION 
A paper to be submitted to the Journal of Dairy Science 
S. C. Kelm, A. E. Freeman, M. E. Kehrli, Jr., B. R. Southey, J. L. Burton, and A. L. Kuck 
ABSTRACT 
Genetic and phenotypic parameters of immune response traits were investigated for 
Holstein bulls. Aspects of general immune response were evaluated in 60 post-pubertal 
bulls. Assessment of neutrophil function was emphasized and was based on laboratory 
measures of migration, phagocytosis, oxidative metabolism, and cytotoxicity. Lymphocyte 
blastogenesis due to mitogen and leukograms were included in the battery of laboratory 
assays. Data were collected from bulls before (week 1), during (week 2), and after (week 3) 
glucocorticoid-induced immunosuppression in a biological model that mimicked 
periparturient immunosuppression. Derivative-free maximum likelihood was used to 
estimate genetic and phenotypic (co)variances for immune response traits. A trait was 
defined as immune response measured by a specific laboratory assay in week 1, 2, or 3. 
Single- and multiple-trait animal models were used in the data analyses. Prior to 
immimosuppression, heritabilities for 14 immune response traits ranged from .27 to .56. 
Heritabilities in weeks 2 and 3 tended to be lower than week 1, although heritabilities for 
spontaneous lymphocyte blastogenesis, neutrophil iodination, directed migration, and 
cytotoxicity assays varied little across weeks. Genetic and phenotypic correlations between 
traits described by data from the same assay across different weeks generally ranged from .30 
to .75 and .25 to .60, respectively. Genetic correlations among measures of neutrophil 
oxidative metabolism and between phagocytic capacity and neutrophil cytotoxicity were high 
and positive. Immune responses during stressed and non-stressed periods can be generally 
characterized as separate but overlapping traits. Estimated parameters for immune response 
could potentially be used for construction of selection indices for greater disease resistance. 
(Key words: genetic, immunosuppression, cattle, glucocorticoid) 
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Abbreviation key: ADNC = antibody-dependent neutrophil cytotoxicity, AINC = antibody-
independent cytotoxicit>'. CL = chemiluminescence, ConA = concanavalin A, DEX = 
dexamethasone, IR = immunoresponsiveness. wkl = week 1, wk2 = week 2, wk3 = week 3. 
INTRODUCTION 
Animal-based agricultural has become increasingly aware of reductions in production 
efficiency and reductions in profit due to disease losses. Infectious disease control in most 
domestic animals has been based upon improved environmental conditions, minimizing 
pathogen exposure, and vaccination programs. Selection for enhanced disease resistance 
represents another potential method of improvement (35), but it has been recognized that 
selection for specific resistance to all diseases of animals and poultry is impossible (13). 
Selection for general disease resistance through indirect selection on immune response traits 
has been proposed (13). Limited understanding of the role of specific measures of 
immunoresponsiveness (IR) for clinical disease has represented a significant barrier in such 
efforts. Furthermore, insufficient understanding of the genetic control of mechanisms of IR 
has been a limitation. 
Selection for enhanced lymphocyte function has been one general approach used to 
improve IR. Divergent selection experiments, including the classic experiments with the 
Biozzi mice (3), have successfully altered humoral or cell-mediated immunity in various 
laboratory and domestic animal species. The correlated responses of additional facets of the 
immune response, such as phagocytosis of pathogens, have not responded in a consistent 
manner across studies (3. 16, 38). Moreover, selection for enhanced humoral immunity 
increased resistance to a particular set of pathogens but experimental subjects were more 
susceptible to an alternative pathogen group (3). 
Selection for improved performance of nonspecific effector cells, such as the 
neutrophil, may represent a more useful approach to indirect selection for disease resistance 
in domestic animals, particularly in dairy cattle. The role of the neutrophil in the control of 
mastitis has been well documented (21, 33). Studies of the genetic parameters of neutrophil 
functional traits have been limited (10, 11) but have indicated that additive genetic variation 
may be sufficient to allow selection. 
Adequate neutrophil function is vital to the resolution of an inflammatory response. 
The elimination of pathogens is dependent on at least 4 major steps (5) including diapedesis, 
chemotaxis, phagocytosis, and intracellular killing. Additional flmctions of the neutrophil 
include extracellular killing of pathogens that resist phagocytosis (27) and cytokine 
production (7). Gross dysfunction at a particular step, such as diapedesis in the case of 
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leukocyte adhesion deficiency (20), results in failure to control infectious disease. Smaller 
changes in efficiency at particular steps of neutrophil function may predispose animals to 
infection (17, 23). Because numerous steps are combined by the neutrophil within the 
aggregate goal of pathogen destruction, it appears unlikely that a single measure will be 
sufficient to describe neutrophil function. The phenotypic and genetic correlations among 
measures of neutrophil function have not been investigated. 
Changes in physiologic status caused by nutritional or endocrine changes elicit 
substantial changes in the immune response (14). Individual measures of IR differ in the 
magnitude of change brought about by envirormiental stressors (9). A previous study of 
genetic variation in traits measured by in vitro IR assays defined Uraits as immunological 
assays within a physiological period relative to panurition (10). Suppression of the immune 
system is commonly seen near parturition (14); therefore, each assay of IR was investigated 
as 3 separate traits including IR before, during, and after immunosuppression (10). Although 
statistical methodology dictated the definition of traits in this maimer, this definition of traits 
implies that different genes influence IR in periods of relatively high or low stress. Familial 
resistance to certain immunosuppressive effects of glucocorticoids has been documented in 
mammalian species (18, 34), providing biological support for the independent investigation 
of IR within differing periods of stress. 
An on-going field study investigating the role of multiple measures of IR and disease 
resistance in U.S. Holsteins was initiated in 1994 and has been previously described (12). 
Briefly, a battery of in vitro assays of immune function was used to determine the general IR 
of young dairy bulls awaiting progeny test results. The results of these tests are presented in 
the current study and a companion paper (22). Dairy producers agreed to record incidence 
and U-eatment of clinical disease in the female progeny of these young bulls from birth to the 
end of first lactation. The objective of the overall study is to determine which IR assays 
measured in young bulls are predictive of future health of daughters under conditions of 
commercial production. 
The objectives of the current study were to investigate the genetic and phenotypic 
parameters of IR traits using data collected from leukograms, 10 in vitro assays of neutrophil 
function, and 2 in vitro assays of lymphocyte blastogenesis. 
MATERIALS AND METHODS 
Animals and Experimental Design 
Holstein bulls awaiting progeny test were used in this study. Bulls were owned by 
21®* Century Genetics, Inc. (Shawano, WI) and had been purchased as young calves based on 
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pedigree merit for production and type traits. Sixt>' bulls were used as experimental subjects. 
Selection of bulls to be used as experimental subjects was based on planned semen 
distribution, diversity of pedigrees, and haplotypes at the bovine major histocompatibility 
complex DRB3 locus. Bulls that were homozygous for DRB3.2 alleles were not chosen in 
anticipation of flimre studies on the molecular basis of immune ftmction. Three control bulls 
were randomly chosen from a pool of young sires available at the start of the study and were 
used throughout the study. All experimental and control bulls were housed under similar 
conditions at 21" Century Genetics' bull housing facility in Stewartville, MN. 
The current study required collection of IR data on the experimental and control bulls 
at several stages of immunologic stress. A glucocorticoid-induced model of 
immunosuppression was used to simulate changes in IR during the periparturient period. 
Dexamethasone (Azium; Schering Corp., Kenilworth, NJ) was used as an 
immunosuppressive agent and was administered by intramuscular injection on 3 consecutive 
days at 0.04 mg/kg body weight. Control bulls did not receive dexamethasone (DEX). A 
companion paper (22) discusses the phenotypic parallels between periparturient 
immunosuppression and immunosuppression caused by DEX. 
Facility and logistic constraints did not allow all experimental bulls to undergo IR 
testing simultaneously. Data were gathered from 5 different groups of bulls, tested between 
May 10, 1994 and April 20, 1995. Each group consisted of 12 experimental subjects and 3 
untreated controls. Only bulls designated as untreated controls were used across more than 
one group. Dexamethasone was administered to all experimental bulls on the same dates 
within a particular group. 
Experimental and control bulls within each of the 5 groups were evaluated 
concurrently. Peripheral blood samples were taken by jugular venipuncture as described 
(22). Blood samples were collected from each bull on 10 different days over the 3-week 
period used to describe IR within the model of periparturient immunosuppression. Sample 
dates were coded to reflect the date of first injection of DEX (day 0). Samples collected on 
days -5, -4, and -3 measure basal immune function levels (week 1). Days 2, 3, 4, and 5 
reflect immune function during the week of injections (week 2) and samples collected on 
days 9, 10, and 11 measure immune function one week after injections (week 3). 
Measures of Immune Response 
All laboratory measures of IR were completed at the National Animal Disease Center, 
USDA-ARS in Ames, lA following 24-hour shipment of whole blood samples. Aspects of 
IR were quantified in the 63 bulls using leukograms and in vitro assays of neutrophil ftmction 
and lymphocyte blastogenesis. 
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Leukograms were obtained from peripheral blood samples as described (22). 
Leukogram measures (leukocytes per microliter) included total leukocytes, neutrophil band 
cells, mature segmented neutrophils, eosinophils, and mononuclear cells. Mononuclear cells 
were not further differentiated into monocyte and lymphocyte subpopulations. 
Isolation of leukocyte populations for use in assays of functional activity has been 
previously described (22). Mononuclear cell suspensions (2X10^ cells/ml) were used for 
assays of lymphocyte blastogenesis in response to the T-cell mitogen concanavalin A (ConA, 
C-5275; Sigma Chemical Company, St. Louis, MO). Blastogenesis assays were performed 
as described (22) and were expressed as uptake of tritiated thymidine following incubation 
with 5.0 mg of concanavalin A (ConA). Blastogenesis was also evaluated in the absence of 
ConA. 
Ten assays of neutrophil function were used to evaluate IR in the 63 bulls. 
Neutrophil assays have been described in a companion paper (22). Briefly, neutrophil 
migration and chemotaxis were measured by random and directed migration under agarose. 
Phagocytosis was assessed by an ingestion assay using antibody-coated '^^I-labeled 
Staphylococcus aureus as target cells. The results of the assay were originally recorded as 
the proportion of 60 5. aureus ingested per neutrophil. A phagocytosis-associated native 
(non-luminol) chemiluminescence (CL) assay was used as a general measure of oxidative 
metabolism by neutrophils stimulated with opsonized zymosan. Original results were 
expressed as logio photons detected per 90-minute assay. Superoxide anion production was 
measured with the cytochrome c reduction assay. Superoxide anion production was 
measured in stimulated and resting neutrophils and results were expressed as nmoles O2 
reduced/10' neutrophil/hour. The iodination assay was used to quantify myeloperoxidase-
catalyzed activity by neutrophils stimulated with opsonized zymosan. Original assay results 
were expressed as nmoles Nal incorporated/lO' neutrophils/hour. Cytotoxic activity of 
stimulated neutrophils was evaluated using ^'Cr-labeled chicken erythrocytes as target cells 
in the antibody-dependent neutrophil cytotoxicity (ADNC) and antibody-independent 
neutrophil cytotoxicity (AINC) assays. Original assay results for ADNC and AINC were 
expressed as percentage release of ^'Cr. A colorimetric bactericidal assay was used to 
evaluate cytotoxicity expressed towards opsonized S. aureus. Original assay results were 
expressed as percent bacteria killed. 
Estimation of Variance Components 
Lymphocyte blastogenesis and functional neutrophil assays are prone to substantial 
daily variation due to laboratory conditions. Analyses of IR data collected from experimental 
bulls without corresponding control bull data were not optimal due to confounding of 
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laboratory date and day relative to DEX administration. Data from the control bulls were 
used as daily laboratory standards to eliminate this confounding; therefore, all measures of IR 
taken from the 60 experimental bulls were expressed as a percentage of the daily mean of the 
untreated control group. 
Daily phenotypic means were calculated for each bull treated with DEX if a particular 
immunological assay was completed with multiple samples (22). A daily group mean was 
calculated within each assay for the 3 control bulls. Daily ratios were obtained for bulls 
treated with DEX by dividing the daily mean of the individual bull by the daily mean of the 
control group. Ratios were computed for all measures, including leukogram data. All IR 
traits were continuous, quantitative traits. Preliminary analyses indicated that data 
transformation was appropriate from leukogram and blastogenesis data. Square-root 
transformations were applied to ail leukogram ratios and logio Uansformations were applied 
to blastogenesis data. Other data were not transformed. 
Previous data analyses determined that phenotypic expression of IR differed across 
weeks as defined by the model of immunosuppression (22). An earlier study also considered 
IR during immunosuppression a trait distinct from IR before or after immunosuppression 
(10). Therefore, three traits were defined for each IR assay completed within the current 
study. Weeks within the immunosuppression model were used to define trait boundaries 
within assay. For example, data collected within the iodination assay across the 3-week 
period were used to investigate 3 different traits; iodination - week 1 (wkl), iodination -
week 2 (wk2). and iodination - week 3 (wk3). Using this definition of an IR trait, a total of 
45 traits were investigated with the data collected by leukograms, lymphocyte blastogenesis, 
and neutrophil function assays. Table I contains a summary of the observations and means 
for all traits included in the analyses. For all traits, the number of animals with records was 
equal to 60. Data collected on days -5, -4. and -3 were used in the analyses of traits 
measured in wkl, data collected on days 2, 3, 4, and 5 were used for wk2, and data collected 
on days 9, 10, and 11 were used for wk3. 
Data were analyzed with single- and multiple-trait animal models. The single-trait 
animal models used for data analyses of IR traits were described as 
Ya ~ Xflbn + ZUn "^"en 
with n = 1,.., 45, where yn = vector of observations on IR trait n, bn = vector of fixed effects 
specific for trait n, u„ = vector of random animal effects, Cn = vector of random residual 
terms, and Xn and Z are incidence matrices relating fixed effects and random animal effects 
to observations in yn, respectively. Fi.xed effects common to all measures of IR included 
group, day relative to first DEX injection, and the interaction of group and day. Eosinophil 
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contamination of granulocyte suspensions was shown to influence 3 neutrophil assays (22); 
therefore, the fixed effect of eosinophil contamination was added as a covariate for all 
analyses of iodination, random migration, and the bactericidal assays. 
Expectations and variances of random effects in the single-trait models were defined 
as E[ynJ = X„b„, E[u„] = 0, E[e„] = 0, V[y„] = ZG„Z + R„, V[u„] = G„ = Act; , and V[e„] = 
R„ = I CTj , where A = numerator relationship matrix, and I = identity matrix. In all analyses, 
264 animals were included in the calculation of A"'. The 60 experimental bulls were the 
progeny of 24 different sires. Five patemal half-sib groups with > 5 members existed within 
the group of experimental bulls. 
Several different analyses were completed with different combinations of traits in 
multiple-trait models. The general multiple-trait model was described as 
Z 0 
with 
X„ 
0 0 
U, 
L^mj L^mj 
V b 1 • n n n 
E = 0 
.fin . 0 
Var(yn) ZGnnZ' + Rnn 
Cov(yn, yn,) = ZGnmZ' + Rn 
Var 
"n FG G 0 0 nn nm 
"m G G 0 0  ^mn mm 
e„ 0 0 R nn nm 
0 0 R^„ R„„ 
_ mn mm _ 
and 
G„,. = Act;__.R„„ = lol  ,  
G nm ~ G mn ~ ' ^ nm ^mn ~ .e 
with n = 1,...,45 and m = 1 45. Fixed and random effects used in the multiple-trait 
models were identical to those used in single-urait models. 
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Additive genetic and residual variance components were estimated for IR traits with 
single-trait animal models. Following analyses of the 45 individual measures, IR traits based 
on the same immunological assay but measured in different weeks were grouped and 
analyzed simultaneously. For example. ADNC - wkl. ADNC - wk2, and ADNC - wk3 
were evaluated simultaneously within a multiple-trait model. Finally, IR traits based on 
different immunological assays but measured in the same week were evaluated 
simultaneously with multiple-trait models. Traits were grouped by biological function. 
Groups of traits included leukogram measures (neutrophil, eosinophil, and mononuclear cell 
count), lymphocyte blastogenesis (unstimulated and ConA stimulated cultures), neutrophil 
oxidative metabolism (native CL. cytochrome c reduction, and iodination), and other aspects 
of neutrophil function (random migration, ingestion of '"^I-labelled S. aureus, ADNC, AINC, 
and bactericidal assays). Additionally, neutrophil count was included in the evaluation of the 
two broad groupings of neutrophil function in all analyses. Furthermore, native CL was 
included in a final set of multiple-trait analyses of traits measuring aspects of neutrophil 
function that do not measure oxidative metabolism directly. 
The data were analyzed using the multiple-trait derivative-free REML (15, 37) 
algorithm developed by Boldman et al. (4). Convergence was assumed when the simplex 
variance reached <10"'^. For single-trait models, variance components were estimated at least 
3 times for each trait using different starting values for additive genetic and residual 
variances. Starting values were selected to reflect heritabilities of 0.50, 0.25, and 0.05. As a 
final guard against convergence to a local maxima, if multiple analyses of the same trait 
converged to the same variance component estimates rounded to the second decimal place, 
the final analysis was restarted until the log-likelihood did not change beyond the third 
decimal. Approximate standard errors were calculated (30) using a modified version of 
MTDFREML kindly provided by Dr. Joerg Dodenhoff at Iowa State University. 
Results of the single-trait analyses were utilized as priors in variance component 
estimation with multiple-trait models. A trait was included in multiple-trait analyses only if 
the heritability from single-trait analysis was >0.10. For multiple-trait models, convergence 
was assumed when simplex variance reached <10"'^. All multiple-trait analyses were 
restarted until the log-likelihood did not change beyond the third decimal to guard against 
convergence to a local maxima. 
Data describing iodination - wkl were used to determine the effect of repeated 
measures on the magnitude of the approximate standard errors for heritability estimates 
resulting firom single-trait animal models. Variance components were estimated and 
approximate standard errors were calculated for iodination - wkl using 3 observations per 
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bull (days -5, -4. and -3), 2 observations per bull (days -5 and -4), and 1 observation per 
bull (day -5 only). 
RESULTS 
Variance component estimates resulting from analyses with single-trait animal 
models are listed in Table 2. Table 2 contains estimates of the additive genetic variance for 
each trait, plus estimated heritability and approximate standard error. As viewed by the 
standard errors, a high degree of precision is attained with the use of multiple records from 
each animal. 
As a general result, heritability estimates of IR traits were higher in wkl than in wk2 
or wk3. Heritability during wkl was estimated to be lower than 0.25 in only one case, 
directed migration. Data collected during wkl was not influenced by DEX administration, 
whereas the hormone presumably affected data in wk2 and wk3. Heritabilities tended to be 
lowest during wk2 when the DEX effects are presumed to be maximal. Examples of this 
include native CL-, cytochrome c reduction-, eosinophil count-, and mononuclear cell count-
wk2. 
Several IR assays displayed consistent heritabilities across wkl-3 (Table 2). 
Heritability in wkl, wk2. and wk3 were reasonably consistent within iodination, directed 
migration, ADNC, AINC, and unstimulated blastogenesis assays, as well as, neutrophil 
counts determined within leukograms. Consistency of heritability estimates was not due to 
similar estimates of additive genetic variance in these traits (Table 2). In general, estimates 
of cT^a and a'e were lower in wk2 and wk3 when compared to wk 1. Phenotypic means were 
also lower in wk2 and wk3. generally, than wkl (Tablel). 
Results of the use of multiple-trait models to estimate variance components for traits 
measured by the same assay but in different weeks are listed in Tables 3-5. A trait with an 
estimated heritability <.10 from single-trait analysis was not considered for multiple-trait 
analyses. 
If genetic control does exist over a panicular aspect of IR a positive genetic 
correlation is expected between traits that are described by data gathered firom the same assay 
but collected in different weeks. With only one exception, all genetic correlations between 
IR traits considered within assay but across weeks were positive (Tables 3-5). Only one 
estimate of phenotypic correlation was less than zero, the correlation between ConA-
stimulated blastogenesis in wk2 and ConA-stimulated blastogenesis in wk3 (Table 3). 
Genetic correlations were consistently >0.67 regardless of week of IR testing in assays 
measuring neutrophil random migration, ingestion of S. aureus, ADNC, and AINC (Table 5), 
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as well as unstimulated lymphocyte blastogenesis (Table 3), although genetic correlations 
could not be estimated in all cases. Measures of oxidative metabolism had higher genetic 
correlations between wk2 and wlc3 than between wkl and wk2 (Table 4). This same general 
trend was not found in other measures of neutrophil function, indicating that 
immunosuppressive effects of DEX may be more prolonged in measures of oxidative 
metabolism. 
Results of multiple-trait analyses that investigated traits measured by differem assays 
but within the same week are listed in Tables 6-11. These results allow the quantification of 
the relatedness that exists between similar measures of leukocyte function. As there is some 
redundancy by measuring related neutrophil functions within IR assays included in the 
current study, relatively high genetic and phenotypic correlations are expected in some cases. 
Table 6 lists the results of multiple-trait analyses that included measures of neutrophil 
oxidative metabolism. Genetic and phenotypic correlations are all positive and moderately 
high prior to DEX administration. Genetic correlations in wkl range from 0.66 to 0.81. 
Genetic correlations between iodination and native CL remain positive and moderately high 
in both wk2 and wk3, although correlations between these two traits and cytochrome c 
reduction fluctuate considerably in the weeks following DEX. 
Table 7 co itains the results of multiple-trait analyses that included 3 neutrophil 
cytotoxic assays .olus random migration and ingestion of S. aureus. Genetic correlations 
between ADNC and AINC in all weeks were high and positive, ranging from 0.58 to 0.73. 
Phenotypic correlations between these measures were similarly high. Interestingly, the 
genetic correlations between ADNC and bactericidal assay in wkl and wk2 were 0.54 and -
0.39, respectively. Genetic correlations between cytotoxic assays and the ingestion assay 
were high and positive across all weeks, but estimates of genetic and phenotypic correlations 
between neutrophil random migration and cytotoxic assays were negative and moderately 
high. Essentially no relationship was demonstrated between random migration and ingestion 
assays. 
Neutrophil count resulting from leukogram data was used in several multiple-trait 
models that included functional neutrophil traits. Results are listed in Table 8. Phenotypic 
correlations between neutrophil count and neutrophil function were, generally, near zero 
although positive phenotypic correlations were present between AINC measures and 
neutrophil count, as well as cytochrome c reduction and neutrophil count. Genetic 
correlations between measures of neutrophil function and neutrophil count in wkl ranged 
from 0.20 to -0.19. In wk2 and wk3, measures of oxidative metabolism and neutrophil 
counts had positive genetic correlations, as did AINC and neutrophil counts. 
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Native CL was included in multiple-trait analyses that included additional measures 
of neutrophil function not directly measuring oxidative metabolism. Results are listed in 
Table 9. In general, phenotypic correlations between native CL and cytotoxic assays were 
positive but low. Phenotypic correlations between native CL and ingestion or random 
migration were near zero in all cases. Clear genetic relationships between native CL and the 
additional measures were not apparent across the 3-week period. Genetic correlations 
between native CL and other measures of neutrophil function tended to be near zero in wkl, 
negative in wk2, and positive in wk3. 
Multiple-trait analyses were completed for leukogram traits in wkl and wk3 only, as 
heritabilities for both mononuclear and eosinophil counts in wk2 were <0.10 in single-trait 
analyses (Table 2). Multiple-trait analyses results for leukogram data are included in Table 
10. The genetic correlations between neutrophil and mononuclear cell count in both wkl and 
wk3 were positive and moderate in magnitude. Furthermore, genetic correlations between 
neutrophil and eosinophil counts in wkl and wk3 were near -0.25 in both cases. 
Table 11 contains the results of analyses that included lymphocyte blastogenesis 
induced by ConA and spontaneous blastogenesis. Genetic correlations between these two 
traits in wkl, wk2, and wk3 ranged from 0.35 to 0.65. Similarly, phenotypic correlations 
between blastogenesis traits were positive and high, ranging from 0.42 to 0.66. 
Table 12 includes variance component estimates and approximate standard errors 
resulting for analyses of data describing iodination - wkl. Utilization of more than one 
observation per bull resulting in a substantial decrease in the magnitude of the approximate 
standard errors of the heritability estimates. Approximate standard errors for heritability 
estimates were 0.71, 0.14, and 0.10 for analyses utilizing one, two, and three observations per 
bull, respectively (Table 12). 
DISCUSSION 
The current study is unique within the field of dairy cattle breeding and immunology. 
Previous studies of the genetic parameters of immune function in dairy cattle have 
investigated serum proteins such as complement (10, 26), lysozyme (24), and serum 
immunoglobulin levels (10, 24, 29). Only one previous study (10) has reported heritability 
estimates for lymphocyte blastogenesis and neutrophil function in dairy cattle. Furthermore, 
no study in any species has reported genetic and phenotypic correlations among different 
aspects of neutrophil function. Likewise, this study is unique in that it uses a biological 
model of immunosuppression to mimic a sex-limited phenomenon (22). Even with this study 
and published materials, much is yet to be learned. 
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Working models of selection for increased disease resistance based on IR in yoimg 
bulls as indicated by measures of acquired immunity (25 ) or neutrophil function (41) have 
been proposed. Limited knowledge of genetic and phenotypic relationships between 
measures of disease resistance, IR. and production traits have hindered the implementation of 
selection programs that utilize IR traits (13). The current study is part of a larger study that 
attempts to assess these relationships in dairy cattle. The success of indirect improvement of 
disease resistance by selection for enhanced immune responsiveness will depend upon the 
heritability of the IR trait and genetic correlations that exist between disease resistance and 
IR traits and the genetic correlations between the IR traits themselves. 
Laboratory assays of IR were used to determine the status of the immune system over 
a 3-week period in each group of bulls. Weeks within each period defined boundaries for 
traits; thus data collected from each assay were considered to be representative of 3 different 
traits rather than a single trait. Traits were defined in this manner because it is known that 
glucocorticoids administered in wk2 alter the expression of cytokine and cytokine receptor 
genes (1), therefore, genetic control of IR may differ between wkl, wk2, and wk3. The 
definition of IR traits in this manner is similar to the definition of milk production in first and 
second lactation as separate traits (2). 
Data collected in assays of IR in this study were converted to a ratio that compared 
the individual assay result of the test subject to an untreated control group mean. Expression 
of the data in relation to some form of laboratory standard was necessary to help account for 
daily laboratory variation in the IR assays. Use of the raw data from each assay was not 
possible in this study because sample date and day relative to first DEX injection are partially 
confounded. Previous researchers have expressed IR data in dairy cattle as percentage of 
control group mean as well (6, 10. 19). One advantage of expressing IR data as a percent of 
controls is that the unit of measure for each assay does not need to be known to interpret 
results. Conversely, comparisons between different treatment groups may become difficult if 
different animals are used as untreated controls. 
Data were analyzed in the current study with linear animal models and repeated 
records. Detilleux et al. (10) utilized nonlinear regression models to describe 
immunosuppression in peri parturient cattle. Variance components were then estimated for 
IR traits before, during, and after immunosuppression based on three extremes (two maxima 
and one minimum) computed from the estimated nonlinear regression model. The 
population of interest in the study by Detilleux et al. was periparturient dairy cattle and the 
process of immunosuppression in the dairy cow at calving is a gradual process and may be 
reflected weeks prior calving (9). Furthermore, the dairy cow must endure a number of 
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additional environmental stressors following parturition and these additional stressors likely 
delay the recovery of the immune system. In contrast to the gradual decline of IR in the cow, 
DEX caused an almost immediate change in parameters of the immune system (22). 
Moreover, the young bulls did not endure additional environmental stressors that may have 
caused a prolonged recover)'; thus recover}' of the immune system to basal levels of immune 
function was described as a linear model. 
The use of repeated records in animal breeding normally requires that permanent 
envirormiental effects be added to the model used for analysis. The approximate half-life of 
the mature neutrophil, on which 2/3 of the IR assays reported in the current study are based, 
is 22-hours (7). It is not clear that a permanent environmental effect is useful when 
analyzing data collected from these cell populations. 
Derivative-free REML was used to estimate variance components in the current 
study. Maximum likelihood procedures were also used by previous researchers in domestic 
livestock immunogenetics (10, 11). Programming flexibility and logistical constraints 
encountered when estimating variance components on 45 different traits made the 
MTDFREML algorithm (4) a suitable choice for variance component estimation in the 
current study. Recently, estimation of genetic and phenotypic covariance fiinctions for 
repeated records by REML has been proposed (31). Application of covariance fimction 
models or computationally intensive techniques such as Gibbs sampling may be appropriate 
in fijture studies of IR traits, assuming a smaller number of traits are considered for the 
analyses. 
Estimated heritabilities for IR traits in the current study ranged from 0 to 0.67, based 
on single-trait and multiple-trait analyses. Following initial analyses with single-trait 
models, traits describing neutrophil directed migration and cytochrome c reduction in resting 
neutrophils were dropped from further analyses, based on very low estimates of heritability 
(Table 2). Overall, 9 of the 45 IR traits defined by the current study had an estimated 
heritability of <0.10. based on single-trait animal models (Table 2). Heritability estimates for 
IR traits differed little when comparing the results of single-trait and multiple-trait analyses. 
Additive genetic variation appears sufficient to facilitate selection for improved IR. These 
selection programs, however, must be based on IR traits that have a potentially large impact 
on disease resistance in the dairy cow. Determination of appropriate IR traits to be included 
in a selection program will be an ongoing challenge in the future. Previous research has 
determined that several IR traits may be critical in maintaining udder health. These traits 
include measures of neutrophil oxidative metabolism, neutrophil count, migration, and 
ingestion. 
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It has been reported that generation of reactive oxygen metabolites within the 
neutrophil may be predictive of mastitis susceptibility and depends upon oxidative 
metabolism within the neutrophil and circulating numbers of neutrophils in the peripheral 
blood supply (17, 40). Based on the results of the current study, it appears most measurable 
aspects of neutrophil function are phenotypically independent of the number of circulating 
mature neutrophils (Table 8), although genetic correlations between neutrophil count and 
traits measuring AINC, native CL. and cytochrome c reduction were greater than 0.25 in wk2 
and wk3. These results indicate that individuals may have the genetic propensity for not only 
increased numbers of circulating neutrophils during periods of inununologic stress, but the 
neutrophils of these individuals may also be more responsive to pathogenic stimuli. 
Measures of neutrophil oxidative metabolism or oxygen dependent-killing 
mechanisms included in multiple-trait analyses were native CL, cytochrome c reduction, and 
iodination. TTie native CL assay is a general measure of oxidative metabolism and detects 
dismutation of superoxide anion into H2O2. myeloperoxidase-catalyzed reactions, and 
oxidation of membrane phospholipids and arachidonic acid metabolites (19). The 
cytochrome c reduction assay is a more specific measure of the ability of the neutrophil to 
generate superoxide anion. The iodination assay measures oxygen-dependent 
myeloperoxidase-catalyzed activity. Positive phenotypic correlations were expected between 
these measures because they measure different attributes of the same phenomenon. As Table 
6 illustrates, positive phenotypic and genetic correlations were demonstrated between these 
measures. Genetic correlations between native CL and iodination were consistently high, 
suggesting similar genetic control within all stages of immunosuppression. An unexpected 
result was the negative correlation found between cytochrome c reduction and native CL in 
wk2, although the phenotypic correlation remained positive. Additionally, genetic 
correlations between cviochrome c reduction and iodination in wk3 were near zero. The 
biological meaning of these unexpected results is unclear and merits future study. 
The relationship of measures of oxidative metabolism and neutrophil cytotoxicity 
were of interest in the current study. Phenotypic correlations between native CL and 
cytotoxic assays tended to be positive, but low. The findings agree with results of Clark and 
Klebanoff (8) who reported that ADNC was dependent on the post-phagocytic respiratory 
burst, but the specific metabolic product involved was not superoxide anion, hydrogen 
peroxide, nor a product of myeloperoxidase-based activity. The low phenotypic correlations 
between measures of ingestion and native CL were unexpected. Native (non-luminol) CL 
has been used by in previous studies as an indirect measure of phagocytosis (11), therefore, it 
was anticipated that phenotypic correlations between native CL and ingestion of opsonized 
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S. aureus would be positive and high. The results of the current study suggest that use of 
native CL as a indirect measure of phagocytosis should be re-examined. 
Genetic and phenotypic correlations between ingestion and cytotoxic assays were 
consistently high, regardless of the week of evaluation (Table 9). The correlation between 
ADNC and ingestion is in agreement with Clark and Klebanoff (8) and it is presumed that 
ingestion of pathogen is a necessary first step for the cytotoxic assays used in the current 
study. 
Kjemer et al. (23) reported that a negative correlation existed between preinfection 
neutrophil chemotaxis and bacterial growth in inoculated udders. Additional studies have 
also indicated that rapid migration of the neutrophil along a chemotactic gradient is crucial to 
the defense of the mammary gland (28. 36. 39). Chemotaxis was described in a number of 
ways in these studies include random and direct migration, plus chemotactic differential 
(directed migration minus random migration), and chemotactic index (directed 
migration/random migration). Only the study by Shuster et al. (36) listed results of analyses 
that utilized all four measures, while other studies used only chemotactic index as a 
definition of neutrophil migration. Random or spontaneous migration measures the 
neutrophil general migratorv' ability and directed migration measures the neutrophils ability 
to migrate along a chemotactic gradient (32). Although both measures are important, it is not 
clear which measure or combination of measures is more useful in preventing infectious 
disease. Directed migration toward a chemoattractant was erratic and did not show a 
consistent response in the current study, as reported by a companion paper (22). Estimated 
heritabilities for directed migration were near zero (Table 2). Estimated heritabilities from 
single-trait animal models for random migration in wkl. wk2, and wk3 were 0.32, 0.30, and 
0, respectively (Table 2). 
CONCLUSIONS 
Selection for improved IR appears to be a logical method of indirect selection for 
enhanced disease resistance. Prior to utilization of IR traits in selection programs, future 
studies must determine the phenotypic and genetic correlations that exist between IR traits, 
disease resistance traits, and production traits in dairy cattle. The results of the current study 
clearly indicate that substantial additive genetic variation exists for many neutrophil 
characteristics, plus measures of lymphocyte blastogenesis, therefore it is likely that selection 
for enhanced IR would be successful in the Holstein population. A total of 45 IR traits were 
originally defined in the current study, based on 15 laboratory assessments of IR that were 
measured at 3 potentially different periods of immunological stress. Results from multiple-
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trait analyses that included traits defined by data collected in the same assay but across 
different weeks indicated that, in several instances, data collected across two or more weeks 
may describe a single-trait rather than a multiple-trait situation. Furthermore, genetic 
correlations between vvkl. wk2. and wk3 in all assays were positive and quite high in some 
instances; thus, a 3-week period of intensive sampling of experimental subjects within the 
simulation of periparturient immunosuppression may not be required. As disease is most 
likely to occur during periods of ma.ximal immunosuppression, it may be advantageous to 
utilize the DEX-induced model of periparturient immunosuppression to achieve the best 
selection response in IR traits, although determination of IR status in non-stressed bulls is 
more labor efficient and will likely result in correlated gains in IR during periods of 
immunologic stress also. Finally, the phenotypic and genetic correlations estimated by 
multiple-trait analyses performed on traits described by data collected in different assays 
gives unique insight into the biological association between measures of immune response. 
Moreover, these parameter estimates provide a framework that could be used for the future 
development of selection indices for enhanced disease resistance and immune 
responsiveness. 
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Table 1. Number of records, mean, minimum, and maximum observations for data describing IR traits measured within week 1 
(wkl), week 2 (wk2), and week 3 (wk3) of the immunosuppression model. Traits include antibody-dependent neutrophil 
cytotoxicity (ADNC), antibody-independent neutrophil cytotoxicity (AINC), native chemiluminescence (native CL), cytochrome c 
reduction in resting (Cyto c rest) and stimulated neutrophils (Cyto c stim), bactericidal assay, directed (Dirmig) and random 
migration (Ranmig), ingestion of Staphylococcus aureus (Ingestion), iodination, lymphocyte blastogenesis due to concanavalin A 
(ConA), spontaneous blastogenesis (Nostim), and cell counts of neutrophils, eosinophils, and mononuclear cells. 
Trait Records Mean Min. Max. Trait Records Mean Min. Max. 
ADNC-wkl 180 l.IO 0.48 1.65 Iodination - wkl 169 0.94 0.26 2.28 
ADNC - wk2 222 0.85 0.18 1.58 Iodination - wk2 220 0.72 0.07 1.40 
ADNC - wk3 178 1.10 0.35 2.31 Iodination - wk3 176 0.82 0.16 2.02 
AINC-wkl 179 1.99 0.08 6.54 Ranmig - wkl 174 0.81 0.13 2.05 
AINC - wk2 222 1.16 0.01 4.11 Ranmig - wk2 224 0.90 0.20 1.79 
AINC - wk3 178 1.01 0.01 4.36 Ranmig - wk3 175 0.77 0.07 1.74 
Native CL - wkl 175 1.04 0.48 1.76 Nostim - wkl^ ISO 0.04 -1.47 1.62 
Native CL - wk2 216 1.05 0.71 1.93 Nostim - wk23 226 -0.10 -1.48 0.99 
Native CL - wk3 175 0.84 0.26 1.52 Nostim - wk33 170 0.05 -1.67 1.36 
Cyto c rest - wkl 145 0.82 0.03 3.30 ConA - wkl^ 179 -0.29 -3.19 0.90 
Cyto c rest - wk2 164 0.46 0.01 4.02 ConA - wk23 225 -0.37 -2.72 0.63 
Cyto c rest - wk3 144 0.52 0.04 2.32 ConA - wk3^ 169 -0.03 -3.47 0.70 
Cyto c stim - wkl 174 0.95 0.04 1.30 Neutrophil - wkl^ 179 l.ll 0.71 1.72 
Cyto c stim - wk2 217 0.96 0.35 1.35 Neutrophil - wk2^ 213 1.67 0.62 2.99 
Cyto c stim - wk3 175 0.90 0.18 1.49 Neutrophil - wk3'' 180 0.97 0.55 1.55 
Bactericidal - wkl 174 1.21 0.38 3.21 Eosinophil - wk|h 179 1.03 0.01 2.94 
Bactericidal - wk2 225 1.30 0,79 2.44 Eosinophil - wk2b 213 0.31 <0.01 1.54 
Bactericidal - wk3 173 1.15 0.37 2.15 Eosinophil - wk3h 180 0.51 0.01 1.73 
Dirmig-wkl 178 0.99 0.64 1.43 Mononuclear - wk 1 ^ 179 1.11 0.75 1.66 
Dimiig - wk2 226 1.03 0.67 2.08 Mononuclear - wk2'' 213 0.96 0.42 1.66 
Dirmig-wk3 177 1.01 0.55 1.64 Mononuclear - wk3^ 180 1.02 0.72 1.53 
Ingest-wkl 175 1.21 0.56 1.74 
Ingest - wk2 221 1.27 0.50 1.96 
Ingest - wk3 177 1.31 0.42 2.96 
® Ratios of lymphocyte blastogenesis transformed with log i q  transformation 
^ Ratios of leukocyte populations transformed with square-root transformation 
Table 2. Genetic parameters estimated using single-trait animal models for assays in week 1 (wkl), week 2 (wk2) and week 3 
(wk3) includ\ing antibody-dependent neutrophil cytotoxicity (ADNC), antibody-independent neutrophil cytotoxicity (AINC), 
native chemiluminescence (native CL), cytochrome c reduction in resting (Cyto c rest) and stimulated neutrophils (Cyto c stim), 
bactericidal assay, directed (Dirmig) and random migration (Ranmig), ingestion of Staphylococcus aureus (Ingest), iodination, 
lymphocyte blastogenesis' due to concanavalin A (ConA), spontaneous blastogenesis (Nostim), and leukocyle counts'*. 
Trait h2 (Snc) Trait h2 (SEC) 
ADNC-wkl .025 .028 .47 (.09) Iodination - wkl .018 .049 .27 (.10) 
ADNC - wk2 .019 .036 .34 (.08) Iodination - wk2 .006 .016 .29 (.08) 
ADNC - wk3 .018 .039 .31 (.09) Iodination - wk3 .014 .046 .24 (.09) 
AINC-wkl .846 .677 .56 (.08) Ranmig - wkl .029 .060 .32 (.09) 
AINC - wk2 .297 .360 .45 ( 08) Ranmig - wk2 .016 .037 .30 (.08) 
AINC - wk3 .154 .322 .32 (.10) Ranmig - wk3 0 .087 -
Native CL - wk 1 .014 .012 .52 (.09) Nostim - wkl .153 .118 .56(.I0) 
Native CL - wk2 .002 .016 .13 (.08) Nostim - wk2 .064 .071 .48 (.09) 
Native CL - wk3 .007 .020 .26 (.10) Nostim - wk3 .099 .100 .50 (.09) 
Cyto c rest - wk 1 .120 .167 .42 (.09) ConA - wk 1 .306 .373 .45 (.08) 
Cyto c rest - wk2 0 .146 - ConA - wk2 .105 .202 .34 (.08) 
Cyto c rest - wk3 .008 .114 .07 (.10) ConA - wk3 .031 .276 .lO(.lO) 
Cyto c stim - wkl .010 .017 .37 (.10) Neutrophil - wkl .008 .020 .29 (.07) 
Cyto c stim - wk2 .002 .011 .14 (.08) Neutrophil - wk2 .049 .024 .67 (.07) 
Cyto c stim - wk3 .005 .020 .21 (.09) Neutrophil - wk3 .018 .012 .61 (.09) 
Bactericidal - wkl .036 .032 .53 (.08) Eosinophil - wkl .172 .120 .59 (.08) 
Bactericidal - wk2 .003 .016 .17 (.07) Eosinophil - wk2 0 .120 -
Bactericidal - wk3 .003 .027 .09 (.09) Eosinophil - wk3 .010 .089 .10 (.09) 
Dirmig - wkl 0 .013 - Mononuclear - wkl .009 .009 .49 (.10) 
Dirmig - wk2 .002 .023 .06 (.07) Mononuclear - wk2 .001 .020 .05 (.08) 
Dirmig - wk3 .001 .023 .05 (.08) Mononuclear - wk3 .008 .010 .47 (.09) 
Ingest - wkl .013 .021 .39 (.10) 
Ingest - wk2 .008 .015 .34 (.08) 
Ingest - wk3 .011 .051 .18(.10) 
3 Ratios oflymphocyte blastogenesis transformed with log] o transformation 
b Ratios of leukocyte populations transformed with square-root transformation 
" Standard errors are approximate. 
Table 3. Eslimated heritabilities (diagonal), genetic (below diagonal), and phenotypic (above diagonal) correlations for traits 
measured in week 1 (wkl), week 2 (wk2), and week 3 (wk3) including lymphocyte blastogenesis and leukograms. Parameter 
estimates generated within multiple-trait animal models using data generated within each assay only. 
Leukogram data Lymphocyte Blastogenesis 
Week Neutrophil Eosinophil Mononuclear cell Spontaneous Concanavalin A 
wkl wk2 wk3 wkl wk2 wk3 wkl wk2 wk3 wkl wk2 wk3 wkl wk2 wk3 
wkl .28 .22 .23 .59 .05 .48 .42 .57 .36 .40 .44 .18 .16 
wk2 .56 .68 .16 - NA' - - NA' - .75 .48 .36 .68 .34 .02 
\vk3 .31 .34 .60 .11 . .10 .62 .47 .78 .77 .49 .40 .47 .12 
' Trait not included in multiple-trait analyses. 
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Table 4. Estimated heritabilities (diagonal), genetic (below diagonal), and phenotypic (above 
diagonal) correlations for traits describing oxidative metabolism by neutrophils isolated from 
peripheral blood in week I (wkl), week 2 (wk2) and week 3 (wk3). Parameter estimates 
generated within multiple-trait animal models using data generated within each assay only. 
Cytochrome c Native 
reduction (stimulated) chemiluminescence lodination 
Week wkl wk2 wk3 wkl wk2 wk3 wkl wk2 wk3 
wkl .30 .35 .12 .51 .01 .08 .26 .12 .01 
wk2 •> .JJ .15 .13 -.07 .13 .04 .45 .27 .20 
wk3 .16 .71 .19 .59 .46 .26 .48 .81 .21 
Table 5. Estimated heritabilities (diagonal), genetic (below diagonal), and phenotypic (above diagonal) correlations for traits 
measured in week 1 (wkl), week 2 (wk2), and week 3 (wk3) including random migration (Ranmig), ingestion of Staphylococcus 
aureus (Ingestion), antibody-dependent neutrophil cytotoxicity (ADNC), antibody-independent neutrophil cytotoxicity (AINC), 
and bactericidal assay. Parameter estimates generated within multiple-trait animal models using data generated within each assay 
only. 
Week Ranmig Ingestion ADNC AINC Bactericidal 
wkl wk2 wk3 wkl wk2 wk3 wkl wk2 wk3 wkl wk2 wk3 wk 1 wk2 wk3 
wkl .35 .25 .43 .32 .21 .47 .30 .26 .56 .47 .32 .52 .15 
wk2 .82 .32 .88 .36 .30 .73 .33 .32 .88 .44 .42 ,51 .16 
wk3 - NA' .96 .72 .18 .67 .85 .32 .74 .95 .32 - NA' 
' Trait not included in multiple-trait analyses. 
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Table 6. Estimated heritabilities (diagonal), genetic (below diagonal), and phenotypic 
correlations (above diagonal) for measures of neutrophil iodination. native 
chemiluminescence (native CL). and cytochrome c reduction in stimulated neutrophils (cyto 
c stim). Parameter estimates generated within multiple-trciit animal models using data 
generated from immunological assays within week 1. week 2. or week 3. 
Iodination Native CL Cyto c stim 
Week I 
Iodination .29 .44 .40 
Native CL .74 .54 .56 
Cyto c* stim .81 .66 .38 
Week 2 
Iodination .29 .21 .26 
Native CL .31 .15 .18 
Cyto c stim .56 -.30 .21 
Week 3 
Iodination .26 .49 .16 
Native CL .66 21 .29 
Cyto c stim .05 .32 .21 
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Table 7. Estimated heritabilities (diagonal), genetic (below diagonal), and phenotypic (above 
diagonal) correlations for random migration (Ranmig), ingestion of Staphylococcus aureus 
(Ingestion), antibody-dependent neutrophil cytotoxicity (ADNC), antibody-independent 
neutrophil cytotoxicity (AINC). and bactericidal assay. Parameter estimates generated within 
multiple-trait animal models using data generated from immunological assays within week 1, 
week 2, or week 3. 
Ranmig Ingestion ADNC AINC Bactericidal 
fVee/c I 
Ranmig .31 -.07 -.10 
-.22 .13 
Ingestion -.01 .40 .26 .32 .33 
ADNC -.58 .52 .48 .60 .38 
AINC -.71 .70 .73 .56 .28 
Bactericidal .10 .74 .54 .38 .54 
Week 2 
Ranmig .32 -.10 -.24 -.22 1 o
 
Ingestion .05 .35 .23 .25 .28 
ADNC -.48 .16 .34 .64 .07 
AINC -.40 .jj .58 .46 .21 
Bactericidal -.15 .73 -.39 .20 .19 
Week 3 
Ranmig NA' - - - -
Ingestion - .20 .11 .18 -
ADNC - .59 .32 .51 -
AINC - .44 .71 .32 -
Bactericidal - - - - NA 
' Trait not included in multiple-trait analyses due to low heritability estimate in prior analysis. 
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Table 8. Genetic and phenotypic correlations between peripheral blood neutrophil count and 
measures of in vitro neutrophil function including antibody-dependent neutrophil 
cytotoxicity (ADNC). antibody-independent neutrophil cytotoxicity (AINC), bactericidal 
assay, ingestion oiStaphylococcus aureus (Ingestion), iodination, native chemiluminescence 
(native CL), cytochrome c reduction in stimulated neutrophils (Cyto c stim), and random 
migration (Ranmig). Parameter estimates generated within multiple-trait animal models 
using data generated from irmnunological assays within week 1 (wkl). week 2 (wk2), or 
week 3 (wk3). 
Genetic correlations Phenotypic correlations 
Neutrophil count - wk n Neutrophil count - wk n 
Functional assay n = 1 n = 2 n = 3 n = 1 n = 2 n = 3 
ADNC-wk n .04 .06 .17 .10 .08 .07 
AINC - wk n .08 .24 .57 .10 .18 .31 
Bactericidal - wk n .20 - .04 NA' .23 - .01 NA 
Ingestion - wk n .08 - .10 -.31 .01 - .01 -.12 
Iodination - wk n - .19 .02 - .05 - .03 .05 .02 
Native CL - wk n - .09 .15 .36 - .01 .07 .14 
Cyio c stim - wk n - .11 .57 .58 .11 .23 .21 
Ranmig - wk n - .12 .08 NA - .03 .05 NA 
' Trait not included in multiple-trait analyses due to low heritability estimate in prior analysis. 
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Table 9. Genetic and phenotypic correlations between native chemiluminescence (native 
CL) and additional measures of in vitro neutrophil function including antibody-dependent 
neutrophil cytotoxicity (ADNC). antibody-independent neutrophil cytotoxicity (AINC), 
bactericidal assay, ingestion of Staphylococcus aureus (Ingestion), and random migration 
(Ranmig). Parameter estimates generated within multiple-trait animal models using data 
generated from immunological assays within week I (wkl), week 2 (wk2). or week 3 (wk3). 
Genetic correlations Phenotypic correlations 
Native CL - wk n Native CL - wk n 
Functional assay n = I n = 2 n = 3 n = 1 n = 2 n = 3 
ADNC - wk n - .14 - .37 .15 .04 .07 .27 
AINC - wk n .02 - .09 .24 .10 .10 .28 
Bactericidal - wk n -.01 -.32 NA' .10 .28 NA 
Ingestion - wk n .12 - .13 .18 - .01 .10 .09 
Ranmig - wk n -.12 .38 NA .11 .19 NA 
' Trait not included in multiple-trait analyses due to low heritability estimate in prior analysis. 
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Table 10. Estimated heritabilities (diagonal), genetic (below diagonal), and phenotypic 
(above diagonal) correlations for major leukocyte populations isolated for peripheral blood. 
Parameter estimates generated within muitiple-trait animal models using data generated from 
immunological assays within week I or week 3'. 
Eosinophil Neutrophil Mononuclear cell 
Week I 
Eosinophil 59 .02 .10 
Neutrophil -.23 .29 .27 
Mononuclear cell .30 .48 .48 
Week 3 
Eosinophil .11 -.01 -.07 
Neutrophil -.26 .60 .16 
Mononuclear cell -.44 .38 .47 
' Multiple-trait analyses not performed on week 2 data due to low heritabilities of eosinophil 
and mononuclear cell count traits in week 2. 
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Table 11. Estimates of heritabilities (diagonal), genetic (below diagonal), and phenotypic 
(above diagonal) correlations for measures of spontaneous and concanavalin A- (ConA) 
induced lymphocyte blastogenesis using mononuclear cells isolated from the peripheral 
blood. Parameter estimates generated within multiple-trait animal models using data 
generated from immunological assays within week 1. week 2, or week 3. 
Lymphocyte blastogenesis 
Lymphocyte blastogenesis Spontaneous ConA-induced 
Week I 
Spontaneous .56 .66 
ConA-induced .65 .46 
Week! 
Spontaneous .48 .42 
ConA-induced .35 .34 
Week 3 
Spontaneous .47 .56 
ConA-induced .48 .11 
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Table 12. Genetic parameters estimated using single-trait animal models for neutrophil 
iodination in week I (iodination - wkl) based on one, two, or three observations per bull. 
Estimates based on three obser\'ations per bull used data collected on days -5. -4, and -3. 
Estimates based on two observations per bull used data collected on days -5 and —4. 
Estimates based on a single observation per bull used data collected on day -5 only. 
. 2 . 2 ^ 2 
Observations CTa CTc h (SE'') 
Three observations per bull .018 .049 .27 (.10) 
Two observations per bull .016 .054 .23 (.14) 
One observation per bull .034 .013 .72 (.71) 
Standard errors are approximate. 
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GENERAL SUMMARY 
Production gains in the U.S. dairy herd have been impressive over the past 20-30 
years. Profit margins have steadily narrowed, however. Although net farm income has 
increased three-fold in the past 30 years, return on capital has not improved since 1966 (17). 
Increased production per cow has enhanced farm profit, but has also led to increased 
infectious disease and metabolic disorders (9, 15). Investigation of methods to enhance 
disease resistance is justified on economic and ethical grounds. 
Direct selection for reduced clinical disease is hampered in the U.S. by the lack of a 
national database for recording health disorders in cattle. Furthermore, the current average 
progeny group size is not adequate for reliable genetic evaluations for health disorders (22). 
In light of these industry limitations, immune response traits are being considered as potential 
physiological markers of disease resistance. 
In a review of the genetic control of immune response traits, Gavora and Spencer (12) 
wrote: 
To better assess the feasibility of increasing general disease resistance by 
indirect selection we must obtain estimates of heritability for immune 
response, disease resistance, and economic production traits, as well as 
genetic correlations among these traits, (p. 159) 
Genetic control of aspects of the immune response, particularly lymphocyte ftmction, have 
been consistently demonstrated (2, 10, 14, 19). Although phenotypic correlations between 
immune response traits and clinical disease incidence in dairy cattle have been reported (18, 
23, 24, 25), only two studies have considered genetic correlations between aspects of 
immune response and disease (16, 26). The success of selection programs for indirect 
enhancement of disease resistance will depend upon the inclusion of appropriate measures of 
immune response. Clearly, the further clarification of phenotypic and genetic relationships 
between measures of disease resistance and aspects of immune response merits future study. 
The results reported in this dissertation are an integral part of a larger project, 
initiated in 1994. The project has been previously described (11) and represents the third in a 
series of 3 projects investigating immunoresponsiveness in dairy cattle. The first project in 
this series investigated immune response in dairy cattle during midlactation (26) and the 
second project investigated periparturient immunity (7). The objective of the third study was 
to determine if assays of immune response measured in young bulls are predictive of future 
health of daughters under conditions of commercial production. Assumptions necessary for 
the basic premise of this third project include the concepts that measures of immune response 
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must be heritable and must contribute to disease resistance in a significant manner. TTie 
results of the current research investigate the correctness of the first assumption. 
A general suppression of the immune system is commonly seen in periparturient dairy 
cattle (6. 8). Clinical disease incidence is also higher during the periparturient period than 
any other stage of lactation (15). Improved immune response in the periparturient period 
may reduce disease in dairy cattle. A synthetic glucocorticoid, dexamethasone, was used to 
mimic periparturient immunosuppression in 60 post-pubertal bulls. Corticosteroid 
concentration rises appreciably near calving (13) and has been identified as a contributory 
factor in the downregulation of the immune system at this time (21). 
Multiple assays of neutrophil function were performed on experimental subject and 
untreated control bulls, including in vitro assessment of chemotaxis, phagocytosis, oxidative 
metabolism, and killing of pathogens. Leukograms and assays of lymphocyte blastogenesis 
were also completed. Immune response data were collected during the week prior to (week 
1), the week of (week 2), and the week following (week 3) dexamethasone administration. 
Phenotypic response to dexamethasone was analyzed with mixed model methodology 
in the current study. Dexamethasone had a pronounced effect on many immune response 
traits during week 2. Significant changes (/'<.0l) from week 1 to week 2 included decreases 
in ADNC, AINC. supero.xide anion production in resting neutrophils, iodination. lymphocyte 
blastogenesis, and circulating eosinophil and mononuclear cell populations. Also, significant 
increases in circulating neutrophil populations, random migration, and bactericidal activity 
were noted. Many assays returned to basal levels in week 3, although continued suppression 
of oxidative metabolism and augmentation of phagocytic ability was apparent. The altered 
immune response profiles of the experimental bulls compare reasonably well to similar 
profiles using periparturient cows as subjects. 
Estimation of additive genetic and residual variance components was completed using 
single- and multiple-trait animal models with the MTDFREML algorithm (4). Numerous 
analyses were performed. One set of analyses that utilized single-trait models considered an 
immune response trait as immune function measured by a specific assay over the entire 3-
week span defined by the immunosuppression model. The majority of analyses were 
performed with an immune response trait defined as immune function measured by a specific 
laboratory assay within a particular week relative to dexamethasone administration. 
Different sets of multiple-trait analyses were performed that included either traits defined 
within assay and across weeks or traits defined across assay but completed within the same 
week of the biological model. 
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Additive genetic variation was demonstrated for the majority of immune response 
traits, regardless of trait definition. Heritabilities less than .10 were calculated for neutrophil 
directed migration, as well as cytochrome c reduction in resting neutrophils and circulating 
eosinophil levels following dexamethasone administration. Conversely, moderate to high 
heritabilities were calculated for lymphocyte^ blastogenesis, neutrophil iodination, ADNC, 
AINC, and circulating neutrophils when traits were defined within weeks. 
As a general result, heritabilities for immune response traits were considerably higher 
in week I than in week 2 or week 3. Genetic correlations between traits measured with the 
same assay but in different weeks were positive but, in many cases, were far removed from 
unity. A recognized action of glucocorticoids is the repression of cytokine genes that 
regulate the inflammatory process (1), although cellular expression of some cytokine 
receptors is enhanced. This altered gene expression due to glucocorticoids is clearly 
exhibited when comparing the results of immune response traits measured in week 1 and 
week 2. 
Multiple-trait analyses that included different immune response traits measured 
within the same week revealed high genetic correlations between measures of oxidative 
metabolism, particularly during week 1. Also, genetic correlations between assays of 
neutrophil cytotoxicity were generally high, as were genetic correlations between 
cytotoxicity assays and a measure of phagocytosis. 
Summaries of estimated breeding values for experimental bulls resulting from single-
trait animal models are included in Appendices I,II. Ill, and IV. Bulls are sorted in each table 
within the appendix by identification number and, alternatively, in descending order of 
breeding value estimates. When bulls are sorted by descending breeding value, clustering of 
members of paternal half-sib families is often found. In all, 5 paternal half-sib families with 
> 5 members were included in the experimental bull group. In all cases, family members 
were distributed across 2 or more groups. Future studies involving members of families at 
opposite ends of the distribution are clearly warranted. 
The results reported in this dissertation are an integral part of the larger project that 
attempts to determine if assays of immune response measured in young bulls are predictive 
of future health of daughters under conditions of commercial production. Although these 
results provide a necessary foundation for the fulfillment of project objectives, much fiature 
work will be required for project completion. Dairy producers have agreed to record 
incidence and treatment of clinical disease in the female progeny of these young bulls from 
birth to the end of first lactation. Disease information is also recorded for herd 
contemporaries. The majority of daughters of these young bulls will complete first lactation 
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by late 1999. Utilization of producer-recorded data in the calculation of breeding values for 
resistance to specific diseases or disease categories will be a vital part of this ambitious 
project. Ultimately, genetic associations between immune response traits and disease traits 
will be required. Future work may also focus on identification of single-genes common in 
both sire and progeny. 
The findings of the current study can be used to help guide additional work in the use 
of immune response traits within selection programs. Based on the genetic and phenotypic 
correlations that exist between many traits, it appears that a smaller number of laboratory 
assays can be utilized. High genetic correlations between ADNC, AINC, and the ingestion 
assays across all weeks should allow for simultaneous genetic improvement in all three 
measures if only one measure is included in selection programs. Similarly, overlap of traits 
measuring oxygen dependent processes in the neutrophil allow for a more restricted battery 
of assays to be employed on experimental bulls. Results of analyses of immune response and 
disease incidence traits may determine the appropriate traits for inclusion in fiiture bull tests. 
Future research in cooperating university research herds involving direct disease challenge of 
progeny of bulls characterized in this project may also aid in determining the correct immune 
response traits upon which to base selection for improvement of disease resistance in dairy 
cattle. 
The estimated genetic correlations that exist between traits defined by the same assay 
but expressed in different periods of immunological stress raises the question of the necessity 
of data collection within the context of a glucocorticoid-induced model of 
immunosuppression. Although estimated genetic correlations between similarly defined 
traits were not unity, most estimates ranged from .40 to .70. Selection for increased immune 
response during periods of relatively low immunologic stress would, theoretically, result in a 
correlated increase in immunoresponsiveness during high stress periods. Although correlated 
responses to selection would result in slower genetic progress than direct selection for traits 
measured during high-stress times, the reduced genetic gain must be balanced against a more 
labor-intensive data collection process when dexamethasone is used. 
The estimation of genetic and phenotypic correlations between immune response 
measures may allow animal breeders to utilize selection index theory when designing 
breeding programs for enhanced disease resistance. Selection index theory may be especially 
helpfiil when considering effector functions of various cell types that rely upon several 
sequential steps for action. For example, neutrophil function is dependent on at least 4 major 
steps (5) including diapedesis, chemotaxis, phagocytosis, and killing. Because numerous 
steps are combined by the neutrophil within the aggregate goal of pathogen destruction, it 
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appears unlikely that a single measure will be sufficient to describe neutrophil function, but 
an index of ftmctional neutrophil traits may be constructed to enhance the selection for 
greater effectiveness of the granulocyte. Future refinements of such an index could include 
newly defined measures of immune function or measurement of immune ftmction at different 
stages of the life cycle. 
Finally, fijture research should address questions of optimal use of immune response 
data by the dairy industry. If several traits are identified as critical to the maintenance of 
dairy cattle health, several usage methods can be envisioned. Breeding values for each 
individual measure could be estimated using data from the individual bull and his family 
members and presented along with breeding values currently published for production and 
conformation traits. Indices that incorporate inunune response traits only or, alternatively, 
incorporate immune response traits and other indirect measures of disease resistance could be 
routinely published. Recently, an udder health index that incorporates somatic cell score, 
udder conformation traits, and milking speed has been proposed in Canada (3). Immune 
response traits may naturally fit into similar indices. A third alternative for usage of immune 
response data by the dairy industry would be restricted to AI studs that could use a battery of 
inunune response assays within the screening process of young bulls. Theoretically, 
minimum thresholds for measures of immune response could be established and bulls failing 
to meet the necessary requirements would not receive a progeny test. This alternative would 
be a more conservative approach to selection for enhanced disease resistance than the 
previous alternatives. 
Clearly, more research is warranted in the continued investigation of the immune 
response in dairy cattle. In addition to quantitative studies, incorporation of the results of 
searches for candidate genes such as genes encoding interleukins (20) may have a 
tremendous impact on our ability to select for greater disease resistance in dairy cattle. 
Future research will be required to help guide the dairy industry in the potential use of 
immune response information. 
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APPENDIX A 
BREEDING VALUE ESTIMATES FOR IMMUNE RESPONSE TRAITS 
CONSIDERING DATA FROM ALL 3 WEEKS 
Table A1. Estimated breeding values (BV) for capacity to perform the antibody-dependent neutrophil cytotoxicity assay. Data collected 
across all days within weeks 1,2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.022 4797 0.061 4951 0.249 Converse 4768 0.006 Target 
4675 0.021 4821 0.030 4948 0.240 Liberty 4755 -0.003 Curious 
4676 0.011 4826 -0.044 4882 0.178 Curious 4729 -0.003 Mascot 
4677 -0.063 4832 -0.033 4947 0.167 Elvin 4788 -0.007 Bellman 
4688 -0.017 4836 0.020 4888 0.153 Oscar 4898 -0.016 Mountain 
4692 0.026 4837 0.007 4937 0.151 Liberty 4688 -0.017 Bellman 
4698 0.008 4843 -0.144 4732 0.143 I.iberty 4946 -0.021 Liberty 
4721 0.016 4857 -0.184 4896 0.143 Choice 4747 -0.027 Festus 
4723 -0.048 4858 -0.079 4942 0.098 Mountain 4832 -0.033 Prelude 
4728 0.006 4861 0.040 4778 0.068 Oscar 4865 -0.037 Mackenzie 
4729 -0.003 4865 -0.037 4797 0.061 Choice 4757 -0.040 Tesk 
4731 -0.084 4871 O.Oil 4775 0.056 Target 4826 -0.044 Prelude 
4732 0.143 4873 -0.132 4786 0.053 Bellman 4723 -0.048 Mascot 
4736 -0.079 4874 0.006 4941 0.041 Bellman 4796 -0.052 Centurian 
4747 -0.027 4877 -0.369 4861 0.040 Malachi 4793 -0.052 Jurist 
4755 -0.003 4879 -0.309 4821 0.030 Choice 4777 -0.056 Target 
4756 -0.079 4882 0.178 4891 0.028 Converse 4883 -0.056 Prelude 
4757 -0.040 4883 -0.056 4692 0.026 Stanley 4785 -0.058 Holiday 
4765 0.012 4887 -0.110 4665 0.022 Target 4677 -0.063 Holiday 
4768 0.006 4888 0.153 4675 0.021 Holiday 4769 -0.064 Target 
4769 -0.064 4891 0.028 4836 0.020 Oscar 4756 -0.079 Choice 
4771 0.017 4896 0,143 4771 0.017 Choice 4858 -0.079 Spencer 
4775 0.056 4898 -0.016 4721 0.016 Bellman 4736 -0.079 Bellman 
4777 -0.056 4937 0.I5I 4765 0.012 Oscar 4731 -0.084 Kai 
4778 0.068 4941 0.041 4871 0.011 Dancer 4887 -0.110 Dancer 
4785 -0.058 4942 0.098 4676 0.011 Malachi 4873 -0.132 Liberty 
4786 0.053 4946 -0.021 4698 0.008 Holiday 4843 -0.144 Oscar 
4788 -0.007 4947 0.167 4837 0.007 Captain 4857 -0.184 Glee 
4793 -0.052 4948 0.240 4728 0.006 Malachi 4879 -0.309 Prelude 
4796 -0.052 4951 0.249 4874 0.006 Liberty 4877 -0.369 Prelude 
Table A2. Estimated breeding values (BV) for capacity to perform the antibody-independent neutrophil cytotoxicity assay. Data collected 
across all days within weeks 1, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number 
Bull BV Bull BV Bull BV 
Bulls sorted by breeding value 
Sire Bull BV Sire 
4665 0.076 4797 0.166 4888 1.531 Oscar 4883 -0.009 Prelude 
4675 0.390 4821 -0.145 4937 0.931 Liberty 4757 -0.042 Tesk 
4676 -0.512 4826 -0.232 4947 0.864 Elvin 4942 -0.042 Mountain 
4677 -0.297 4832 0.400 4882 0.715 Curious 4765 -0.044 Oscar 
4688 -0.293 4836 0.325 4896 0.707 Choice 4747 -0.093 Festus 
4692 0.032 4837 0.535 4837 0.535 Captain 4731 -0.139 Kai 
4698 0.296 4843 -0.246 4732 0.516 Liberty 4821 -0.145 Choice 
4721 0.291 4857 -0.477 4948 0.474 Liberty 4887 -0.219 Dancer 
4723 -0.336 4858 -0.561 4951 0.443 Converse 4826 -0.232 Prelude 
4728 0.279 4861 0.137 4874 0.436 Liberty 4769 -0.245 Target 
4729 0.177 4865 -0.422 4871 0.418 Dancer 4843 -0.246 Oscar 
4731 -0,139 4871 0.418 4778 0.410 Oscar 4796 -0.267 Centurian 
4732 0.516 4873 0.340 4832 0.400 Prelude 4688 -0.293 Bellman 
4736 -0.589 4874 0.436 4675 0.390 Holiday 4677 -0.297 Holiday 
4747 -0.093 4877 -0.853 4873 0.340 Liberty 4723 -0.336 Mascot 
4755 0.122 4879 -0.521 4836 0.325 Oscar 4756 -0.373 Choice 
4756 -0.373 4882 0.715 4786 0.312 Bellman 4891 -0.408 Converse 
4757 -0.042 4883 -0.009 4698 0.296 Holiday 4865 -0.422 Mackenzie 
4765 -0.044 4887 -0.219 4721 0.291 Bellman 4793 -0.463 Jurist 
4768 -0.577 4888 1.531 4728 0.279 Malachi 4946 -0.472 Liberty 
4769 -0.245 4891 -0.408 4729 0.177 Mascot 4857 -0.477 Glee 
4771 0.056 4896 0.707 4788 0.172 Bellman 4676 -0.512 Malachi 
4775 0.121 4898 -0.557 4797 0.166 Choice 4879 -0.521 Prelude 
4777 -0.660 4937 0.931 4861 0.137 Malachi 4898 -0.557 Mountain 
4778 0.410 4941 -0.965 4755 0.122 Curious 4858 -0.561 Spencer 
4785 0.075 4942 -0.042 4775 0.121 Target 4768 -0.577 Target 
4786 0.312 4946 -0.472 4665 0.076 Target 4736 -0.589 Bellman 
4788 0.172 4947 0.864 4785 0.075 Holiday 4777 -0.660 Target 
4793 -0.463 4948 0.474 4771 0.056 Choice 4877 -0.853 Prelude 
4796 -0.267 4951 0.443 4692 0.032 Stanley 4941 -0.965 Bellman 
Table A3. Estimated breeding values (BV) for capacity to perform the colorimetric bactericidal assay of neutrophil function. Data collected 
across all days within weeks i, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.017 4797 -0.004 4826 0.087 Prelude 4882 0.004 Curious 
4675 -0.035 4821 -0.058 4788 0.081 Bellman 4756 0.004 Choice 
4676 -0.073 4826 0.087 4898 0.074 Mountain 4732 0,003 Liberty 
4677 -0.062 4832 0.052 4937 0.065 Liberty 4785 0,000 Holiday 
4688 -0.019 4836 -0.026 4721 0.056 Bellman 4942 -0.003 Mountain 
4692 0.040 4837 -0.040 4947 0,055 Elvin 4797 -0.004 Choice 
4698 0.006 4843 0.012 4832 0.052 Prelude 4861 -0,005 Malachi 
4721 0.056 4857 -0.058 4786 0,050 Bellman 4873 -0.012 1-iberty 
4723 0.010 4858 -0.040 4941 0.049 Bellman 4665 -0.017 Target 
4728 -0,020 4861 -0.005 4755 0.048 Curious 4688 -0.019 Bellman 
4729 -0.089 4865 -0.088 4883 0,047 Prelude 4888 -0.019 Oscar 
4731 0.032 4871 0.012 4692 0.040 Stanley 4728 -0.020 Malachi 
4732 0.003 4873 -0.012 4896 0.038 Choice 4757 -0,022 Tesk 
4736 0.027 4874 0.029 4731 0.032 Kai 4836 -0,026 Oscar 
4747 0.010 4877 0.018 4874 0.029 Liberty 4951 -0.029 Converse 
4755 0.048 4879 0.023 4736 0.027 Bellman 4675 -0,035 Holiday 
4756 0.004 4882 0.004 4948 0.025 Liberty 4777 -0,037 Target 
4757 -0.022 4883 0.047 4769 0,024 Target 4796 -0,037 Centurian 
4765 -0.042 4887 0.016 4946 0,023 Liberty 4837 -0,040 Captain 
4768 0.022 4888 -0.019 4879 0,023 Prelude 4858 -0,040 Spencer 
4769 0.024 4891 -0.111 4768 0.022 Target 4775 -0.041 Target 
4771 0.019 4896 0.038 4771 0.019 Choice 4765 -0,042 Oscar 
4775 -0.041 4898 0.074 4877 0.018 Prelude 4793 -0,056 Jurist 
4777 -0.037 4937 0.065 4887 0.016 Dancer 4821 -0.058 Choice 
4778 0.016 4941 0.049 4778 0.016 Oscar 4857 -0.058 Glee 
4785 0.000 4942 -0.003 4843 0.012 Oscar 4677 -0.062 Holiday 
4786 0.050 4946 0,023 4871 0.012 Dancer 4676 -0.073 Malachi 
4788 0.081 4947 0.055 4747 0.010 Festus 4865 -0.088 Mackenzie 
4793 -0.056 4948 0.025 4723 0,010 Mascot 4729 -0.089 Mascot 
4796 -0.037 4951 -0.029 4698 0.006 Holiday 4891 -0.111 Converse 
Table A4. Estimated breeding values (BV) for capacity to perform the neutrophil iodination assay. Data collected across all days within 
weeks I, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model for breeding value 
estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.103 4797 0.028 4843 0.156 Oscar 4874 0.002 Liberty 
4675 0.001 4821 0.039 4777 0.137 Target 4675 0.001 Holiday 
4676 0.018 4826 -0.081 4888 0.108 Oscar 4723 -0.004 Mascot 
4677 0.016 4832 0.051 4775 0.108 Target 4796 -0.005 Centurian 
4688 0.005 4836 -0.020 4729 0.107 Mascot 4873 -0.010 Liberty 
4692 -0.030 4837 0.067 4665 0.103 Target 4732 -0.010 Liberty 
4698 -0.040 4843 0.156 4769 0.101 Target 4951 -0.016 Converse 
4721 0.003 4857 -0.135 4768 0.093 Target 4836 -0.020 Oscar 
4723 -0.004 4858 0.062 4898 0.068 Mountain 4882 -0.021 Curious 
4728 -0.046 4861 0.014 4837 0.067 Captain 4937 -0.024 Liberty 
4729 0.107 4865 0.006 4858 0.062 Spencer 4942 -0.026 Mountain 
4731 0.011 4871 -0.034 4941 0.060 Bellman 4785 -0.027 Holiday 
4732 -0.010 4873 -0.010 4765 0.058 0.scar 4887 -0.028 Dancer 
4736 -0.108 4874 0.002 4786 0.056 Bellman 4692 -0.030 Stanley 
4747 -0.094 4877 -0.080 4832 0.051 Prelude 4871 -0.034 Dancer 
4755 0.005 4879 -0.049 4821 0.039 Choice 4698 -0.040 Holiday 
4756 0.014 4882 -0.021 4896 0.036 Choice 4788 -0.044 Bellman 
4757 -0.116 4883 -0.059 4797 0.028 Choice 4728 -0.046 Malachi 
4765 0.058 4887 -0.028 4676 0.018 Malachi 4879 -0.049 Prelude 
4768 0.093 4888 0.108 4677 0.016 Holiday 4946 -0.053 Liberty 
4769 0.101 4891 -0.066 4771 0.016 Choice 4793 -0.056 Jurist 
4771 0.016 4896 0.036 4861 0.014 Malachi 4883 -0.059 Prelude 
4775 0.108 4898 0.068 4756 0.014 Choice 4947 -0.059 Elvin 
4777 0.137 4937 -0.024 4778 0.012 Oscar 4891 -0.066 Converse 
4778 0.012 4941 0.060 4731 0.011 Kai 4877 -0.080 Prelude 
4785 -0.027 4942 -0.026 4948 0.010 Liberty 4826 -0.081 Prelude 
4786 0.056 4946 -0.053 4865 0.006 Mackenzie 4747 -0.094 Festus 
4788 -0.044 4947 -0.059 4688 0.005 Bellman 4736 -0.108 Bellman 
4793 -0.056 4948 0.010 4755 0.005 Curious 4757 -O.I 16 Tesk 
4796 -0.005 4951 -0.016 4721 0.003 Bellman 4857 -0.135 Glee 
Table A5. Estimated breeding values (BV) for capacity of resting neutrophils to perform the cytochrome c reduction assay. Data collected 
across all days within weeks 1, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.006 4797 -0.043 4729 0.202 Mascot 4888 -0,010 Oscar 
4675 0.168 4821 0.011 4874 0.171 Liberty 4857 -0.015 Glee 
4676 -0.095 4826 -0.168 4951 0.168 Converse 4771 -0.015 Choice 
4677 0.081 4832 -0.044 4675 0.168 Holiday 4723 -0,027 Mascot 
4688 0.069 4836 -0.084 4765 0.168 Oscar 4896 -0,036 Choice 
4692 -0.064 4837 0.100 4877 0.135 Prelude 4797 -0.043 Choice 
4698 -0.137 4843 0.105 4728 0.131 Malachi 4832 -0.044 Prelude 
4721 -0.162 4857 -0.015 4777 0.127 Target 4861 -0.052 Malachi 
4723 -0.027 4858 0.019 4843 0,105 Oscar 4879 -0.059 Prelude 
4728 0.131 4861 -0.052 4837 0.100 Captain 4768 -0.060 Targt'l 
4729 0.202 4865 0.089 4873 0.100 Liberty 4692 -0.064 Stanley 
4731 0.073 4871 0.036 4865 0.089 Mackenzie 4946 -0.066 Liberty 
4732 0,077 4873 0.100 4677 0.081 Holiday 4891 -0.068 Converse 
4736 -0.119 4874 0.171 4732 0.077 Liberty 4937 -0.073 IJberty 
4747 -0.163 4877 0.135 4731 0.073 Kai 4778 -0,078 Oscar 
4755 0.067 4879 -0.059 4775 0.073 Target 4793 -0.084 Jurist 
4756 -0.084 4882 -0,143 4688 0.069 Bellman 4836 -0.084 Oscar 
4757 0.018 4883 -0.093 4755 0,067 Curious 4756 -0.084 Choice 
4765 0.168 4887 -0.101 4796 0,058 Centurian 4769 -0,091 Target 
4768 -0.060 4888 -0.010 4786 0.043 Bellman 4948 -0.092 Liberty 
4769 -0.091 4891 -0.068 4871 0.036 Dancer 4883 -0.093 Prelude 
4771 -0.015 4896 -0.036 4941 0.024 Bellman 4676 -0.095 Malachi 
4775 0.073 4898 0.011 4858 0.019 Spencer 4887 -0.101 Dancer 
4777 0.127 4937 -0.073 4757 0.018 Tesk 4736 -0.119 Bellman 
4778 -0.078 4941 0.024 4947 0,018 Elvin 4942 -0.120 Mountain 
4785 0.006 4942 -0.120 4898 0.011 Mountain 4698 -0.137 Holiday 
4786 0.043 4946 -0.066 4821 0.011 Choice 4882 -0.143 Curious 
4788 -0.007 4947 0.018 4785 0.006 Holiday 4721 -0.162 Bellman 
4793 -0.084 4948 -0.092 4665 -0,006 Target 4747 -0.163 Festus 
4796 0.058 4951 0.168 4788 -0.007 Bellman 4826 -0.168 Prelude 
Table A6. Estimated breeding values (BV) for capacity of stimulated neutrophils to perform the cytochrome c reduction assay. Data collected 
across all days within weeks I, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number 
Bull BV Bull BV Bull BV 
Bulls sorted by breeding value 
Sire Bull BV Sire 
4665 0.011 4797 0.001 4896 0.084 Choice 4948 0.005 Liberty 
4675 0.019 4821 0.040 4843 0.063 Oscar 4723 0.004 Mascot 
4676 0.009 4826 -0.015 4888 0.056 Oscar 4832 0.004 Prelude 
4677 -0.009 4832 0.004 4873 0.051 Liberty 4728 0.002 Malachi 
4688 0.013 4836 0.009 4874 0.041 l.iberty 4882 0.001 Curious 
4692 -0.034 4837 0.006 4821 0.040 Choice 4797 0.001 Choice 
4698 -0.009 4843 0.063 4771 0.040 Choice 4865 -0.001 Mackenzie 
4721 0.012 4857 -0.089 4947 0.038 tlvin 4729 -0.001 Mascot 
4723 0.004 4858 -0.003 4951 0.037 Converse 4858 -0.003 Spencer 
4728 0.002 4861 -0.005 4765 0.037 Oscar 4861 -0.005 Malachi 
4729 -0.001 4865 -0.001 4756 0.037 Choice 4879 -0.007 Prelude 
4731 0.019 4871 -0.038 4778 0.034 Oscar 4698 -0.009 Holiday 
4732 -0.016 4873 0.051 4768 0.033 Target 4677 -0.009 Holiday 
4736 -0.070 4874 0.041 4769 0.032 Target 4788 -0.010 Bellman 
4747 -0.030 4877 0.032 4877 0,032 Prelude 4826 -0.015 Prelude 
4755 0.014 4879 -0.007 4937 0.029 Liberty 4757 -0.016 Tesk 
4756 0.037 4882 0.001 4777 0.027 Target 4732 -0.016 Liberty 
4757 -0.016 4883 -0.059 4775 0.023 Target 4747 -0.030 Festus 
4765 0.037 4887 -0.053 4898 0.022 Mountain 4946 -0,031 Liberty 
4768 0.033 4888 0.056 4675 0.019 Holiday 4692 -0.034 Stanley 
4769 0.032 4891 -0.090 4731 0.019 Kai 4871 -0,038 Dancer 
4771 0.040 4896 0.084 4755 0.014 Curious 4786 -0,045 Bellman 
4775 0.023 4898 0.022 4688 0.013 Bellman 4793 -0.049 Jurist 
4777 0.027 4937 0.029 4721 0.012 Bellman 4887 -0.053 Dancer 
4778 0.034 4941 -0.058 4796 0.011 Centurian 4941 -0.058 Bellman 
4785 0.011 4942 -0.064 4785 0.011 Holiday 4883 -0.059 Prelude 
4786 -0.045 4946 -0.031 4665 0.011 Target 4942 -0.064 Mountain 
4788 -0.010 4947 0.038 4836 0.009 Oscar 4736 -0.070 Bellman 
4793 -0.049 4948 0.005 4676 0.009 Malachi 4857 -0.089 Glee 
4796 0.011 4951 0.037 4837 0.006 Captain 4891 -0.090 Converse 
Table A7. Estimated breeding values (BV) for capacity to perform the native chemiiuminescence assay. Data collected across all days within 
weeks 1,2, and 3 of a glucccorticcid-induced immunosuppression model were used within a single-trait animal model for breeding value 
estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.017 4797 -0.014 4729 0.091 Mascot 4677 -0.001 Holiday 
4675 0.017 4821 0.004 4898 0,090 Mountain 4865 -0.003 Mackenzie 
4676 0.028 4826 -0.007 4896 0,078 Choice 4879 -0.007 Prelude 
4677 -0.001 4832 0.040 4843 0,057 Oscar 4826 -0.007 Prelude 
4688 -0.021 4836 0,006 4873 0.049 L.iberty 4887 -0.007 Dancer 
4692 -0.015 4837 0.019 4721 0.047 Bellman 4937 -0,008 Liberty 
4698 0.014 4843 0.057 4732 0.041 Liberty 4785 -0,009 Holiday 
4721 0.047 4857 -0.046 4771 0,041 Choice 4951 -0,011 Converse 
4723 -0.022 4858 0.034 4832 0.040 Prelude 4747 -0,013 Festus 
4728 0.015 4861 0.013 4858 0.034 Spencer 4797 -0,014 Choicc 
4729 0.091 4865 -0.003 4948 0,034 Liberty 4692 -0,015 Stanley 
4731 0.024 4871 -0.057 4942 0.032 Mountain 4665 -0.017 Target 
4732 0.041 4873 0.049 4888 0.029 Oscar 4877 -0.020 Prelude 
4736 -0.051 4874 -0.023 4676 0.028 Malachi 4688 -0.021 Bellman 
4747 -0.013 4877 -0,020 4946 0.025 Liberty 4723 -0.022 Mascot 
4755 -0.062 4879 -0.007 4731 0.024 Kai 4874 -0,023 Liberty 
4756 -0.023 4882 -0,029 4793 0.021 Jurist 4756 -0.023 Choice 
4757 -0.024 4883 -0,023 4837 0.019 Captain 4883 -0.023 Prelude 
4765 0.001 4887 -0,007 4796 0.018 Centurian 4757 -0.024 Task 
4768 -0.074 4888 0.029 4675 0.017 Holiday 4777 -0,028 Target 
4769 0.001 4891 -0.057 4728 0.015 Malachi 4882 -0,029 Curious 
4771 0.041 4896 0.078 4698 0.014 Holiday 4941 -0,037 Bellman 
4775 -0.044 4898 0.090 4861 0.013 Malachi 4775 -0.044 Target 
4777 -0.028 4937 -0.008 4786 0.008 Bellman 4857 -0,046 Glee 
4778 0.005 4941 -0.037 4836 0.006 Oscar 4736 -0,051 Bellman 
4785 -0.009 4942 0.032 4778 0.005 Oscar 4871 -0,057 Dancer 
4786 0.008 4946 0.025 4821 0.004 Choice 4891 -0.057 Converse 
4788 0.000 4947 -0,063 4765 0.001 Oscar 4755 -0.062 Curious 
4793 0.021 4948 0,034 4769 0.001 Target 4947 -0.063 Elvin 
4796 0.018 4951 -0.011 4788 0.000 Bellman 4768 -0.074 Target 
Table A8. Estimated breeding values (BV) for capacity of neutrophils to ingest opsonized Staphylococcus aureus. Data collected across all 
days within weeks 1, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.057 4797 -0.014 4832 0.138 Prelude 4797 -0.014 Choice 
4675 -0.048 4821 -0.077 4948 0.135 Liberty 4723 -0.015 Mascot 
4676 -0.133 4826 0.134 4826 0.134 Prelude 4728 -0,020 Malachi 
4677 0.008 4832 0.138 4698 0.132 Holiday 4796 -0,020 Centurion 
4688 -0.108 4836 0.087 4887 0.122 Dancer 4891 -0.021 Converse 
4692 -0.132 4837 0.017 4755 0.118 Curious 4873 -0,024 Liberty 
4698 0.132 4843 0.053 4778 0.109 Oscar 4769 -0.025 Target 
4721 0.099 4857 -0.042 4721 0.099 Bellman 4736 -0.028 Bellman 
4723 -0.015 4858 -0.041 4861 0.096 Malachi 4874 -0.029 Liberty 
4728 -0.020 4861 0.096 4836 0.087 Oscar 4941 -0.030 Bellman 
4729 -0.092 4865 -0.070 4771 0.085 Choice 4785 -0.032 Holiday 
4731 -0.110 4871 0.022 4883 0.072 Prelude 4768 -0.034 Target 
4732 0.036 4873 -0.024 4786 0.070 Bellman 4858 -0.041 Spencer 
4736 -0.028 4874 -0.029 4843 0.053 Oscar 4857 -0.042 Glee 
4747 0.011 4877 -0.079 4951 0.048 Converse 4675 -0.048 Holiday 
4755 0.118 4879 -0.060 4947 0.046 Elvin 4665 -0.057 Target 
4756 -0.011 4882 0.033 4937 0.040 Liberty 4879 -0.060 Prelude 
4757 -0.001 4883 0.072 4732 0.036 Liberty 4865 -0.070 Mackenzie 
4765 -0.089 4887 0.122 4888 0.034 Oscar 4775 -0.074 Target 
4768 -0.034 4888 0.034 4898 0.033 Mountain 4788 -0.075 Bellman 
4769 -0.025 4891 -0.021 4882 0.033 Curious 4821 -0.077 Choice 
4771 0.085 4896 0.028 4942 0.032 Mountain 4777 -0.079 Target 
4775 -0.074 4898 0.033 4896 0.028 Choice 4877 -0.079 Prelude 
4777 -0.079 4937 0.040 4946 0.028 Liberty 4765 -0.089 Oscar 
4778 0.109 4941 -0.030 4871 0.022 Dancer 4729 -0.092 Mascot 
4785 -0.032 4942 0.032 4837 0.017 Captain 4688 -0.108 Bellman 
4786 0.070 4946 0.028 4747 0.011 Festus 4731 -0.110 Kai 
4788 -0.075 4947 0.046 4677 0.008 Holiday 4692 -0.132 Stanley 
4793 -0.145 4948 0.135 4757 -0.001 Tesk 4676 -0.133 Malachi 
4796 -0.020 4951 0.048 4756 -0.011 Choice 4793 -0.145 Jurist 
Table A9. Estimated breeding values (BV) for capacity to perform the neutrophil random migration assay. Data collected across all days 
within weeks 1, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model for breeding 
value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.035 4797 -0,120 4736 0,329 Bellman 4857 0.007 Glee 
4675 0.052 4821 -0,017 4765 0,218 Oscar 4826 -0.004 Prelude 
4676 0.052 4826 -0,004 4777 0,181 Target 4898 -0,006 Mountain 
4677 -0.023 4832 -0.011 4747 0.142 f-estus 4728 -0,007 Malachi 
4688 -0.027 4836 0.074 4858 0,125 Spencer 4832 -0.011 Prelude 
4692 -0.123 4837 -0.154 4769 0.119 Target 4821 -0.017 Choice 
4698 0.109 4843 0.081 4879 0.117 Prelude 4755 -0.022 Curious 
4721 0.044 4857 0.007 4951 0.112 Converse 4677 -0.023 Holiday 
4723 0.033 4858 0,125 4698 0.109 Holiday 4786 -0.025 Bellman 
4728 -0.007 4861 -0,027 4768 0.105 Target 4861 -0.027 Malachi 
4729 -0.208 4865 -0.103 4785 0.101 Holiday 4688 -0.027 Bellman 
4731 -0.080 4871 -0,133 4843 0,081 Oscar 4891 -0.035 Converse 
4732 -0.101 4873 0.031 4883 0.081 Prelude 4942 -0,051 Mountain 
4736 0,329 4874 -0,061 4836 0,074 Oscar 4793 -0.059 Jurist 
4747 0.142 4877 0.048 4757 0.073 Tesk 4874 -0,061 Liberty 
4755 -0.022 4879 0,117 4676 0,052 Malachi 4778 -0,069 Oscar 
4756 0.038 4882 -0,077 4675 0,052 Holiday 4882 -0.077 Curious 
4757 0.073 4883 0,081 4877 0,048 Prelude 473! -0.080 Kai 
4765 0.218 4887 0.015 4788 0.047 Bellman 4941 -0.092 Bellman 
4768 0.105 4888 -0,145 4948 0,045 Liberty 4947 -0.092 Elvin 
4769 0.119 4891 -0,035 4721 0.044 Bellman 4771 -0,095 Choice 
4771 -0.095 4896 0,020 4946 0,043 Liberty 4732 -0,101 Liberty 
4775 0.025 4898 -0,006 4756 0.038 Choice 4865 -0,103 Mackenzie 
4777 0.181 4937 -0,129 4665 0.035 Target 4797 -0.120 Choice 
4778 -0.069 4941 -0.092 4723 0.033 Mascot 4692 -0,123 Stanley 
4785 0.101 4942 -0.051 4873 0.031 Liberty 4937 -0.129 Liberty 
4786 -0.025 4946 0.043 4796 0,026 Centurian 4871 -0.133 Dancer 
4788 0.047 4947 -0.092 4775 0.025 Target 4888 -0.145 Oscar 
4793 -0.059 4948 0.045 4896 0.020 Choice 4837 -0.154 Captain 
4796 0.026 4951 0.112 4887 0.015 Dancer 4729 -0.208 Mascot 
Table A10. Estimated breeding values (BV) for capacity to perform the neutrophil directed migration assay. Data collected across all days 
within weeks 1,2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model for breeding 
value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.051 4797 -0.056 4891 0.091 Converse 4793 -0.004 Jurist 
4675 -0.005 4821 -0.012 4836 0.055 Oscar 4874 -0.005 Liberty 
4676 0.039 4826 -0.011 4723 0.045 Mascot 4675 -0,005 Holiday 
4677 -0.020 4832 -0.006 4857 0.045 Glee 4832 -0.006 Prelude 
4688 -0.020 4836 0.055 4692 0.043 Stanley 4768 -0.006 Target 
4692 0.043 4837 0.016 4882 0.040 Curious 4948 -0,008 l.iberty 
4698 -0.020 4843 -0,023 4676 0.039 Malnchi 4736 -0.009 Bellman 
4721 0.014 4857 0.045 4747 0.039 Festus 4947 -0.009 Klvin 
4723 0.045 4858 -0.024 4865 0.038 Mackenzie 4756 -0,009 Choice 
4728 -0.041 4861 0.009 4731 0.037 Kai 4796 -0,010 Centurian 
4729 0.000 4865 0.038 4888 0.034 Oscar 4826 -0.011 Prelude 
4731 0.037 4871 -0.002 4732 0.032 IJberty 4821 -0,012 Choice 
4732 0.032 4873 0.029 4873 0.029 Liberty 4937 -0,012 Liberty 
4736 -0.009 4874 -0.005 4786 0.023 Bellman 4951 -0,016 Converse 
4747 0.039 4877 -0.021 4837 0.016 Captain 4771 -0,018 Choice 
4755 0.000 4879 -0.028 4778 0.015 Oscar 4677 -0,020 Holiday 
4756 -0.009 4882 0.040 4721 0.014 Bellman 4757 -0,020 Tesk 
4757 -0.020 4883 0.007 4785 0.013 Holiday 4688 -0.020 Bellman 
4765 0.003 4887 0.009 4942 0.011 Mountain 4698 -0.020 Holiday 
4768 -0.006 4888 0.034 4861 0.009 Malachi 4877 -0.021 Prelude 
4769 0.006 4891 0.091 4887 0.009 Dancer 4843 -0.023 Oscar 
4771 -0.018 4896 -0.003 4883 0.007 Prelude 4858 -0.024 Spencer 
4775 -0.066 4898 -0.044 4769 0.006 Target 4879 -0,028 Prelude 
4777 -0.070 4937 -0.012 4941 0.004 Bellman 4946 -0.030 Liberty 
4778 0.015 4941 0.004 4765 0.003 Oscar 4728 -0.041 Malachi 
4785 0.013 4942 0.011 4788 0.001 Bellman 4898 -0.044 Mountain 
4786 0.023 4946 -0.030 4755 0.000 Curious 4665 -0,051 Target 
4788 0.001 4947 -0.009 4729 0.000 Mascot 4797 -0,056 Choice 
4793 -0.004 4948 -0.008 4871 -0.002 Dancer 4775 -0.066 Target 
4796 -0.010 4951 -0.016 4896 -0.003 Choice 4777 -0.070 Target 
Table All. Estimated breeding values (BV) for peripheral blood neutrophil count. Data collected across all days within weeks I, 2, and 3 of a 
glucocorticoid-induced immunosuppression model were used within a single-trait animal model for breeding value estimates. Breeding value 
unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.019 4797 -0.010 4937 0.267 Liberty 4788 0.002 Bellman 
4675 -0.012 4821 -0.126 4757 0.204 Tesk 4723 0.001 Mascot 
4676 0.057 4826 -0.056 4882 0.195 Curious 4951 -0.005 Converse 
4677 -0.051 4832 0.047 4946 0.193 Liberty 4786 -0.009 Bellman 
4688 -0.074 4836 -0.054 4796 0.139 Centurian 4797 -0.010 Choice 
4692 -0.056 4837 0,091 4732 0.101 Liberty 4675 -0.012 Holiday 
4698 0.045 4843 -0.056 4837 0.091 Captain 4793 -0.015 Jurist 
4721 0.062 4857 0.072 4777 0.078 Target 4756 -0.026 Choice 
4723 0.001 4858 -0.133 4947 0.075 Elvin 4898 -0.028 Mountain 
4728 -0.062 4861 -0.065 4857 0.072 Glee 4891 -0.035 Converse 
4729 0.049 4865 -0.155 4888 0.072 Oscar 4769 -0.037 Target 
4731 0.018 4871 -0.191 4721 0.062 Bellman 4677 -0.051 Holiday 
4732 0.101 4873 0.055 4747 0.060 Festus 4836 -0.054 Oscar 
4736 -0.079 4874 0.032 4676 0.057 Malachi 4826 -0.056 Prelude 
4747 0.060 4877 0.048 4873 0.055 l-iberty 4843 -0.056 Oscar 
4755 0.039 4879 0.009 4729 0.049 Mascot 4692 -0.056 Stanley 
4756 -0.026 4882 0.195 4877 0.048 Prelude 4728 -0.062 Malachi 
4757 0.204 4883 -0.089 4832 0.047 Prelude 4861 -0.065 Malachi 
4765 0.044 4887 -0.084 4698 0.045 Holiday 4775 -0.068 Target 
4768 0.030 4888 0.072 4765 0.044 Oscar 4688 -0.074 Bellman 
4769 -0.037 4891 -0.035 4755 0.039 Curious 4736 -0.079 Bellman 
4771 -0.141 4896 0.028 4785 0.035 Holiday 4887 -0.084 Dancer 
4775 -0.068 4898 -0.028 4874 0.032 Liberty 4883 -0.089 Prelude 
4777 0.078 4937 0.267 4768 0.030 Target 4821 -0.126 Choice 
4778 0.027 4941 -0.143 4896 0.028 Choice 4858 -0.133 Spencer 
4785 0.035 4942 -0.138 4778 0.027 Oscar 4942 -0,138 Moumain 
4786 -0.009 4946 0.193 4665 0.019 Target 4771 -0.141 Choice 
4788 0.002 4947 0.075 4731 0.018 Kai 4941 -0.143 Bellman 
4793 -0.015 4948 0.002 4879 0.009 Prelude 4865 -0.155 Mackenzie 
4796 0.139 4951 -0.005 4948 0.002 Liberty 4871 -0.191 Dancer 
Table A12. Estimated breeding values (BV) for peripheral blood eosinophil count. Data collected across all days within weeks I, 2, and 3 of a 
glucocorticoid-induced immunosuppression model were used within a single-trait animal model for breeding value estimates. Breeding value 
unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number 
Bull BV Bull BV Bull BV 
Bulls sorted by breeding value 
Sire Bull BV Sire 
4665 -0.004 4797 -0.108 4865 0.324 Mackenzie 4757 -0.011 Tesk 
4675 -0.014 4821 0.130 4796 0.207 Centurian 4765 -0.011 Oscar 
4676 0.025 4826 -0.050 4731 0.188 Kai 4675 -0.014 Holiday 
4677 0.040 4832 -0.062 4843 0.149 Oscar 4874 -0.015 Liberty 
4688 0.037 4836 -0.022 4888 0.135 Oscar 4728 -0.018 Malachi 
4692 -0.128 4837 0.120 4821 0.130 Choice 4836 -0.022 Oscar 
4698 -0.059 4843 0.149 4837 0.120 Captain 4788 -0.024 Bellman 
4721 -0.059 4857 0.066 4723 0.097 Mascot 4877 -0.048 Prelude 
4723 0.097 4858 0.082 4768 0.092 Target 4826 -0,050 Prelude 
4728 -0.018 4861 0.028 4858 0,082 Spencer 4771 -0.050 Choice 
4729 0.065 4865 0.324 4857 0.066 Glee 4948 -0.058 Liberty 
4731 0.188 4871 -0.107 4729 0.065 Mascot 4721 -0.059 Bellman 
4732 -0.002 4873 0.032 4879 0.065 Prelude 4698 -0,059 Holiday 
4736 -0.094 4874 -0.015 4941 0.064 Bellman 4832 -0,062 Prelude 
4747 -0.002 4877 -0.048 4756 0.058 Choice 4942 -0.071 Mountain 
4755 0.036 4879 0.065 4778 0.045 Oscar 4785 -0.080 Holiday 
4756 0.058 4882 0.024 4677 0.040 Holiday 4946 -0.081 Liberty 
4757 -0.011 4883 -0.216 4688 0.037 Bellman 4736 -0.094 Bellman 
4765 -0.011 4887 -0.100 4755 0.036 Curious 4793 -0.094 Jurist 
4768 0.092 4888 0.135 4769 0.033 Target 4887 -0.100 Dancer 
4769 0.033 4891 -0.171 4873 0.032 Liberty 4947 -0.100 Elvin 
4771 -0.050 4896 0.020 4777 0.030 Target 4898 -0.102 Mountain 
4775 0.029 4898 -0.102 4775 0.029 Target 4786 -0.103 Bellman 
4777 0.030 4937 -0.114 4861 0.028 Malachi 4871 -0.107 Dancer 
4778 0.045 4941 0.064 4676 0.025 Malachi 4797 -0.108 Choice 
4785 -0.080 4942 -0.071 4882 0.024 Curious 4937 -0.114 Liberty 
4786 -0.103 4946 -0.081 4896 0.020 Choice 4692 -0.128 Stanley 
4788 -0.024 4947 -0.100 4747 -0.002 Festus 4951 -0.132 Converse 
4793 -0.094 4948 -0.058 4732 -0.002 Liberty 4891 -0.171 Converse 
4796 0.207 4951 -0.132 4665 -0.004 Target 4883 -0.216 Prelude 
Table A13. Estimated breeding values (BV) for peripheral blood mononuclear cell count. Data collected across all days within weeks 1, 2, 
and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model for breeding value estimates. 
Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.003 4797 -0,018 4937 0.152 Liberty 4836 -0.004 Oscar 
4675 0.021 4821 -0.023 4832 0.146 Prelude 4883 -0.011 Prelude 
4676 0.073 4826 0.024 4873 0.132 Liberty 4861 -0.015 Malachi 
4677 -0.064 4832 0.146 4882 0.116 Curious 4797 -0.018 Choice 
4688 -0.023 4836 -0.004 4796 0.114 Centurian 4786 -0.021 Bellman 
4692 -0.034 4837 0.114 4837 0.114 Captain 4821 -0.023 Choice 
4698 0.029 4843 -0.024 4946 0.082 l.iberty 4688 -0.023 Bellman 
4721 0.019 4857 0.006 4676 0.073 Malachi 4777 -0.023 Target 
4723 -0.061 4858 -0.038 4877 0.073 Prelude 4843 -0.024 Oscar 
4728 -0.074 4861 -0.015 4732 0.068 IJberty 4896 -0.029 Choice 
4729 0.013 4865 0.010 4948 0.045 Liberty 4951 -0.031 Converse 
4731 0.020 4871 -0.076 4879 0.042 Prelude 4765 -0.031 Oscar 
4732 0.068 4873 0.132 4747 0.035 Festus 4793 -0,032 Jurist 
4736 -0.042 4874 -0.043 4698 0.029 Holiday 4692 -0.034 Stanley 
4747 0.035 4877 0.073 4778 0.026 Oscar 4858 -0,038 Spencer 
4755 0.011 4879 0.042 4826 0.024 Prelude 4736 -0,042 Bellman 
4756 -0.001 4882 0.116 4675 0.021 Holiday 489! -0,043 Converse 
4757 -0.004 4883 -0.0)1 4731 0.020 Kai 4874 -0,043 Liberty 
4765 -0.031 4887 -0.045 4888 0.019 Oscar 4768 -0,045 Target 
4768 -0.045 4888 0.019 4721 0.019 Bellman 4887 -0,045 Dancer 
4769 -0.004 4891 -0.043 4729 0.013 Mascot 4775 -0,060 Target 
4771 0.007 4896 -0.029 4755 0.011 Curious 4723 -0,061 Mascot 
4775 -0.060 4898 -0.084 4865 0.010 Mackenzie 4677 -0,064 Holiday 
4777 -0.023 4937 0.152 4771 0.007 Choice 4788 -0,066 Bellman 
4778 0.026 4941 -0.087 4857 0.006 Glee 4728 -0.074 Malachi 
4785 -0.083 4942 -0)10 4665 0.003 Target 4871 -0.076 Dancer 
4786 -0.021 4946 0.082 4947 0.001 Elvin 4785 -0.083 Holiday 
4788 -0.066 4947 0.001 4756 -0.001 Choice 4898 -0.084 Mountain 
4793 -0.032 4948 0.045 4757 -0.004 Tesk 4941 -0.087 Bellman 
4796 0.114 4951 -0.031 4769 -0.004 Target 4942 -0.110 Mountain 
Table A14. Estimated breeding values (BV) for spontaneous lymphocyte blastogenesis. Data collected across all days within weeks 1, 2, and 
3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model for breeding value estimates. Breeding 
value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.079 4797 0.434 4941 0.477 Bellman 4887 -0.031 Dancer 
4675 -0.142 4821 0.142 4775 0.449 Target 4677 -0.035 Holiday 
4676 0.309 4826 -0.065 4797 0.434 Choice 4898 -0.035 Mountain 
4677 -0.035 4832 -0.056 4771 0.404 Choice 4836 -0.051 Oscar 
4688 -0.292 4836 -0.051 4698 0.324 Holiday 4843 -0.052 Oscar 
4692 -0.011 4837 0.288 4942 0.322 Mountain 4832 -0.056 Prelude 
4698 0.324 4843 -0.052 4788 0.317 Bellman 4857 -0.056 Glee 
4721 -0.414 4857 -0.056 4676 0.309 Malachi 4731 -0,058 Kai 
4723 -0.025 4858 0.053 4755 0.294 Curious 4796 -0.060 Centurian 
4728 -0.031 4861 0.160 4837 0.288 Captain 4937 -0.064 liberty 
4729 -0.413 4865 -0.206 4896 0.272 Choice 4826 -0.065 Prelude 
4731 -0.058 4871 0.017 4778 0.226 Oscar 4665 -0.079 Target 
4732 0.080 4873 -0.252 4882 0.215 Curious 4888 -0.092 Oscar 
4736 0.208 4874 -0.029 4736 0.208 Bellman 4946 -0.116 Liberty 
4747 -0.166 4877 0.124 4861 0.160 Malachi 4883 -0,124 Prelude 
4755 0,294 4879 -0.366 4757 0.159 Tesk 4777 -0,131 Target 
4756 -0.142 4882 0.215 4821 0.142 Choice 4765 -0.138 Oscar 
4757 0.159 4883 -0.124 4891 0.139 Converse 4756 -0.142 Choice 
4765 -0.138 4887 -0.031 4877 0.124 Prelude 4675 -0.142 Holiday 
4768 -0.675 4888 -0.092 4793 0.085 Jurist 4747 -0,166 Festus 
4769 -0.021 4891 0.139 4732 0.080 Liberty 4865 -0,206 Mackenzie 
4771 0.404 4896 0.272 4858 0.053 Spencer 4948 -0,209 Liberty 
4775 0.449 4898 -0.035 4947 0.021 Elvin 4873 -0.252 Liberty 
4777 -0.131 4937 -0.064 4871 0.017 Dancer 4688 -0.292 Bellman 
4778 0.226 4941 0.477 4786 -0.004 Bellman 4951 -0.296 Converse 
4785 -0.339 4942 0.322 4692 -0.011 Stanley 4785 -0.339 Holiday 
4786 -0.004 4946 -0.116 4769 -0.021 Target 4879 -0.366 Prelude 
4788 0.317 4947 0.021 4723 -0.025 Mascot 4729 -0.413 Mascot 
4793 0.085 4948 -0.209 4874 -0.029 Liberty 4721 -0.414 Bellman 
4796 -0.060 4951 -0.296 4728 -0.031 Malachi 4768 -0.675 Target 
Table A15. Estimated breeding values (BV) for lymphocyte blastogenesis following stimulation with concanavalin A. Data collected across 
all days within weeks I, 2, and 3 of a glucocorticoid-induced immunosuppression model were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.081 4797 0.103 4775 0.279 Target 4757 -0.004 Tesk 
4675 -0.012 4821 0.089 4896 0.201 Choice 4832 -0.011 Prelude 
4676 -0.082 4826 -0.127 4871 0.194 Dancer 4675 -0,012 Holiday 
4677 -0.035 4832 -0.011 4736 0.170 Bellman 4769 -0,014 Target 
4688 0.057 4836 -0.100 4837 0,128 Captain 4731 -0,014 Kai 
4692 -0.071 4837 0,128 4797 0,103 Choice 4887 -0,020 Dancer 
4698 -0.064 4843 0.000 4873 0.093 Liberty 4756 -0.034 Choice 
4721 -0.054 4857 -0.115 4821 0.089 Choice 4677 -0,035 Holiday 
4723 0.032 4858 -0.001 4665 0.081 Target 4796 -0.036 Centurian 
4728 -0.097 4861 0.034 4755 0.075 Curious 4765 -0.052 Oscar 
4729 -0,210 4865 0.071 4865 0,071 Mackenzie 4721 -0.054 Bellman 
4731 -0.014 4871 0,194 4942 0,061 Mountain 4947 -0.055 Elvin 
4732 0.030 4873 0.093 4688 0,057 Bellman 4698 -0.064 Holiday 
4736 0.170 4874 0.037 4771 0,050 Choice 4879 -0,065 Prelude 
4747 0.011 4877 0.049 4877 0,049 Prelude 4786 -0,066 Bellman 
4755 0.075 4879 -0,065 4948 0,043 Liberty 4692 -0,071 Stanley 
4756 -0.034 4882 -0.087 4777 0.039 Target 4778 -0,072 Oscar 
4757 -0.004 4883 -0.114 4874 0.037 Liberty 4676 -0,082 Malachi 
4765 -0.052 4887 -0.020 4793 0.037 Jurist 4882 -0.087 Curious 
4768 -0.117 4888 0.019 4937 0.036 Liberty 4728 -0,097 Malachi 
4769 -0.014 4891 -0.111 4861 0.034 Malachi 4836 -0,100 Oscar 
4771 0.050 4896 0.201 4723 0.032 Mascot 4891 -0.111 Converse 
4775 0.279 4898 -0,182 4788 0.031 Bellman 4883 -0.114 Prelude 
4777 0.039 4937 0,036 4732 0.030 Liberty 4857 -0.115 Glee 
4778 -0.072 4941 0.001 4888 0.019 Oscar 4768 -0.117 Target 
4785 -0.148 4942 0.061 4747 0.011 Festus 4826 -0.127 Prelude 
4786 -0.066 4946 0.000 4941 0.001 Bellman 4785 -0.148 Holiday 
4788 0.031 4947 -0.055 4946 0.000 Liberty 4951 -0.167 Converse 
4793 0.037 4948 0.043 4843 0.000 Oscar 4898 -0.182 Mountain 
4796 -0.036 4951 -0.167 4858 -0.001 Spencer 4729 -0.210 Mascot 
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APPENDIX B 
BREEDING VALUE ESTIMATES FOR IMMUNE RESPONSE TRAITS 
CONSIDERING DATA FROM WEEK I ONLY 
Table Bl. Estimated breeding values (DV) for antibody-dependent neutrophil cytotoxicity in week lof a glucocorticoid-induced 
immunosuppression model. Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.003 4797 0.042 4937 0.294 Liberty 4698 0.006 Holiday 
4675 -0.023 4821 0.095 4951 0.273 Converse 4946 0.004 l.iberty 
4676 0.012 4826 -0.057 4947 0.229 iilvin 4665 0.003 Target 
4677 0.026 4832 -0.090 4942 0.184 Mountain 4793 0.002 Jurist 
4688 -0.123 4836 -0.004 4896 0.181 Choice 4837 0.000 Captain 
4692 0.017 4837 0.000 4874 0.170 Liberty 4836 -0.004 Oscar 
4698 0.006 4843 -0.208 4775 0.116 Target 4755 -0.014 Curious 
4721 0.015 4857 -0.257 4948 0.109 Liberty 4747 -0.014 Festus 
4723 -0.032 4858 -0.137 4821 0.095 Choice 4675 -0.023 Holiday 
4728 0.025 4861 0.007 4887 0.092 Dancer 4777 -0.027 Target 
4729 -0.117 4865 -0.135 4898 0.086 Mountain 4723 -0.032 Mascot 
4731 -0.174 4871 0.057 4786 0.079 Bellman 4826 -0.057 Prelude 
4732 0.038 4873 -0.118 4778 0.072 Oscar 4941 -0.058 Bellman 
4736 -0.069 4874 0.170 4771 0.062 Choice 4736 -0.069 Bellman 
4747 -0.014 4877 -0.317 4768 0.060 Target 4785 -0.088 Holiday 
4755 -0.014 4879 -0.350 4871 0.057 Dancer 4832 -0.090 Prelude 
4756 -0.095 4882 0.012 4797 0.042 Choice 4756 -0.095 Choice 
4757 0.031 4883 -0.109 4732 0.038 IJberty 4883 -0.109 Prelude 
4765 0.010 4887 0.092 4757 0.031 Tesk 4729 -0.117 Mascot 
4768 0.060 4888 0.028 4888 0.028 Oscar 4873 -0.118 Liberty 
4769 -0.206 4891 -0.142 4788 0.027 Bellman 4688 -0.123 Bellman 
4771 0.062 4896 0.181 4677 0.026 Holiday 4865 -0.135 Mackenzie 
4775 0.116 4898 0.086 4728 0.025 Malachi 4858 -0.137 Spencer 
4777 -0.027 4937 0.294 4692 0.017 Stanley 4891 -0.142 Converse 
4778 0.072 4941 -0.058 4721 0.015 Bellman 4731 -0.174 Kai 
4785 -0.088 4942 0.184 4796 0.013 Centurian 4769 -0.206 Target 
4786 0.079 4946 0.004 4676 0.012 Malachi 4843 -0.208 Oscar 
4788 0.027 4947 0,229 4882 0.012 Curious 4857 -0.257 Glee 
4793 0.002 4948 0.109 4765 0.010 Oscar 4877 -0.317 Prelude 
4796 0.013 4951 0.273 4861 0.007 Malachi 4879 -0.350 Prelude 
Table B2. Estimated breeding values (BV) for antibody-independent neutrophil cytotoxicity in week lof a glucocorticoid-induced 
immunosuppression model. Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.035 4797 -0.005 4888 1.438 Oscar 4797 -0.005 Choice 
4675 0.257 4821 -0.159 4937 1.414 Liberty 4796 -0.012 Centurian 
4676 -0.397 4826 -0.412 4874 1.360 Liberty 4729 -0.025 Mascot 
4677 0.051 4832 0.389 4873 1.301 Liberty 4665 -0.035 Target 
4688 -0.376 4836 0.221 4871 1.298 Dancer 4785 -0,043 Holiday 
4692 0.249 4837 0.542 4947 1.262 Elvin 4765 -0.069 Oscar 
4698 0.020 4843 -0.427 4951 1.030 Converse 4747 -0,112 Festus 
4721 0.275 4857 -0.889 4948 0.921 Liberty 4771 -0.127 Choice 
4723 -0.310 4858 -0.604 4786 0.772 Bellman 4821 -0.159 Choice 
4728 0.009 4861 0.159 4896 0.620 Choice 4731 -0.254 Kai 
4729 -0.025 4865 -0.670 4837 0.542 Captain 4723 -0.310 Mascot 
4731 -0.254 4871 1.298 4882 0.531 Curious 4688 -0.376 Bellman 
4732 0.262 4873 1.301 4757 0.465 Tesk 4676 -0.397 Malachi 
4736 -0.801 4874 1.360 4832 0.389 Prelude 4793 -0.403 Jurist 
4747 -0.112 4877 -1.689 4778 0.299 Oscar 4826 -0.412 Prelude 
4755 0.277 4879 -1.025 4942 0.285 Mountain 4843 -0.427 Oscar 
4756 -0.475 4882 0.531 4755 0.277 Curious 4756 -0.475 Choice 
4757 0.465 4883 0.000 4721 0.275 Bellman 4946 -0.588 Liberty 
4765 -0.069 4887 0.003 4732 0.262 Liberty 4858 -0,604 Spencer 
4768 -1.107 4888 1.438 4675 0.257 Holiday 4865 -0,670 Mackenzie 
4769 -1,054 4891 -1.177 4692 0.249 Stanley 4898 -0,724 Mountain 
4771 -0.127 4896 0.620 4836 0.221 Oscar 4736 -0,801 Bellman 
4775 0.027 4898 -0.724 4788 0.211 Bellman 4857 -0,889 Glee 
4777 -1.096 4937 1.414 4861 0.159 Malachi 4879 -1,025 Prelude 
4778 0.299 4941 -1.852 4677 0.051 Holiday 4769 -1.054 Target 
4785 -0.043 4942 0.285 4775 0.027 Target 4777 -1.096 Target 
4786 0.772 4946 -0.588 4698 0.020 Holiday 4768 -1.107 Target 
4788 0.211 4947 1.262 4728 0.009 Malachi 4891 -1.177 Converse 
4793 -0.403 4948 0.921 4887 0.003 Dancer 4877 -1,689 Prelude 
4796 -0.012 4951 1.030 4883 0.000 Prelude 4941 -1,852 Bellman 
Table B3. Estimated breeding values (BV) for neutrophil bactericidal activity measured with a colorimetric assay in week lof a 
glucocorticoid-induced immunosuppression model. Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and 
were used within a single-trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) 
from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.085 4797 -0.005 4898 0.337 Mountain 4826 -0.004 Prelude 
4675 -0.200 4821 -0.203 4947 0.303 Elvin 4723 -0.004 Mascot 
4676 -0.098 4826 -0.004 4786 0.226 Bellman 4797 -0.005 Choice 
4677 -0.263 4832 0.052 4896 0.222 Choice 4882 -0,006 Curious 
4688 -0.209 4836 -0.010 4937 0.209 IJberty 4843 -0,007 Oscar 
4692 0.200 4837 -0.042 4692 0,200 Stanley 4836 -0,010 Oscar 
4698 0.045 4843 -0,007 4883 0.174 Prelude 4732 -0.018 Liberty 
4721 0.122 4857 -0.231 4747 0.160 Festus 4768 -0.025 Target 
4723 -0.004 4858 -0.185 4721 0.122 Bellman 4785 -0,042 fioliday 
4728 -0.127 4861 0.015 4871 0,120 Dancer 4757 -0,042 Tesk 
4729 -0.420 4865 -0.226 4948 0.101 Liberty 4837 -0,042 Captain 
4731 0.060 4871 0.120 4755 0.090 Curious 4879 -0,043 Prelude 
4732 -0.018 4873 -0.052 4788 0.090 Bellman 4765 -0,046 Oscar 
4736 0.059 4874 -0.001 4771 0.074 Choice 4873 -0,052 Liberty 
4747 0.160 4877 0.068 4793 0,068 Jurist 4769 -0.069 Target 
4755 0.090 4879 -0.043 4877 0.068 Prelude 4777 -0,080 Target 
4756 0.038 4882 -0.006 4887 0.066 Dancer 4665 -0,085 Target 
4757 -0.042 4883 0,174 4778 0.064 OsCsjr 4888 -0.088 Oscar 
4765 -0.046 4887 0.066 4941 0.060 Bellman 4676 -0.098 Malachi 
4768 -0.025 4888 -0.088 4731 0,060 Kai 4728 -0.127 Malachi 
4769 -0.069 4891 -0.475 4736 0.059 Bellman 4858 -0.185 Spencer 
4771 0.074 4896 0.222 4832 0.052 Prelude 4675 -0.200 Holiday 
4775 -0.001 4898 0.337 4698 0.045 Holiday 4796 -0.203 Centurian 
4777 -0.080 4937 0.209 4756 0.038 Choice 4821 -0.203 Choice 
4778 0.064 4941 0.060 495! 0.032 Converse 4688 -0.209 Bellman 
4785 -0.042 4942 -0.002 4946 0.018 Liberty 4865 -0.226 Mackenzie 
4786 0.226 4946 0.018 4861 0.015 Malachi 4857 -0.231 Glee 
4788 0.090 4947 0.303 4874 -0.001 Liberty 4677 -0.263 Holiday 
4793 0.068 4948 O.IOI 4775 -0.001 Target 4729 -0.420 Mascot 
4796 -0.203 4951 0.032 4942 -0.002 Mountain 4891 -0.475 Converse 
Table B4. Estimated breeding values (BV) for neutrophil iodination in week lof a glucocorticoid-induced immunosuppression model. Data 
were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-trait animal model for breeding 
value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number 
Bull BV Bull BV Bull BV 
Bulls sorted by breeding value 
Sire Bull BV Sire 
4665 0.078 4797 0.070 4843 0.269 Oscar 4874 -0.017 Liberty 
4675 -0.046 4821 0.126 4777 0.205 Target 4778 -0.020 Oscar 
4676 0.058 4826 -0.129 4729 0.158 Mascot 4879 -0.028 Prelude 
4677 0.117 4832 0.014 4858 0.129 Spencer 4757 -0.030 Tesk 
4688 0.120 4836 -0.042 4821 0.126 Choice 4723 -0.030 Mascot 
4692 0.010 4837 0.120 4837 0.120 Captain 4796 -0.032 Centurian 
4698 -0.155 4843 0.269 4688 0.120 Bellman 4861 -0.035 Malachi 
4721 -0.045 4857 -0.122 4677 0.117 Holiday 4836 -0.042 Oscar 
4723 -0.030 4858 0.129 4769 0.098 Target 4951 -0.042 Converse 
4728 -0.062 4861 -0.035 4888 0.095 Oscar 4721 -0.045 Bellman 
4729 0.158 4865 0.003 4665 0.078 Target 4675 -0.046 Holiday 
4731 0.004 4871 0.040 4765 0.072 Oscar 4747 -0.049 I'estus 
4732 -0.093 4873 -0.067 4797 0.070 Choice 4942 -0.055 Mountain 
4736 -0.066 4874 -0.017 4676 0.058 Ma lac hi 4788 -0.058 Bellman 
4747 -0.049 4877 -0.100 4887 0.056 Dancer 4728 -0.062 Malachi 
4755 0.017 4879 -0.028 4896 0.052 Choice 4771 -0.063 Choice 
4756 0.011 4882 -0.007 4898 0.045 Mountain 4736 -0.066 Bellman 
4757 -0.030 4883 -0.102 4775 0.043 Target 4873 -0.067 Liberty 
4765 0.072 4887 0.056 4871 0.040 Dancer 4732 -0.093 Liberty 
4768 0.029 4888 0.095 4768 0.029 Target 4947 -0.095 Llvin 
4769 0.098 4891 -0.223 4755 0.017 Curious 4786 -0.095 Bellman 
4771 -0.063 4896 0.052 4832 0.014 Prelude 4877 -0.100 Prelude 
4775 0.043 4898 0.045 4756 0.011 Clioice 4883 -0.102 Prelude 
4777 0.205 4937 -0.121 4692 0.010 Stanley 4785 -0.102 Holiday 
4778 -0.020 4941 0.010 4941 0.010 Bellman 4937 -0.121 Liberty 
4785 -0.102 4942 -0.055 4793 0.005 Jurist 4857 -0.122 (jlee 
4786 -0.095 4946 -0.127 4731 0.004 Kai 4946 -0.127 Liberty 
4788 -0.058 4947 -0.095 4865 0.003 Mackenzie 4826 -0.129 Prelude 
4793 0.005 4948 0.001 4948 0.001 Liberty 4698 -0.155 Holiday 
4796 -0.032 4951 -0.042 4882 -0.007 Curious 4891 -0.223 Converse 
Table B5. Estimated breeding values (BV) for cytochrome c reduction by resting neutrophils in week lof a glucocorticoid-induced 
immunosuppression model. Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 O
 
O
O
 
4797 -0.145 4729 0.610 Mascot 4888 -0.019 Oscar 
4675 0.213 4821 0.081 4677 0.606 Holiday 4775 -0.045 Target 
4676 -0.106 4826 -0.390 4765 0.415 Oscar 4896 -0.050 Choice 
4677 0.606 4832 -0.117 4951 0.410 Converse 4676 -0.106 Malachi 
4688 0.229 4836 -0.195 4865 0.365 Mackenzie 4879 -0.116 Prelude 
4692 0.091 4837 0.194 4874 0.309 Liberty 4832 -0.117 Prelude 
4698 -0.273 4843 0.064 4877 0.297 Prelude 4797 -0.145 Choice 
4721 -0.312 4857 0.020 4688 0,229 Bellman 4861 -0.152 Malachi 
4723 -0.234 4858 0.035 4675 0,213 Holiday 4942 -0.167 Mountain 
4728 -0.007 4861 -0.152 4777 0,207 Target 4793 -0,168 Jurist 
4729 0.610 4865 0.365 4837 0,194 Captain 4883 -0,171 Prelude 
4731 0.168 4871 0.131 4873 0,171 Liberty 4887 -0,175 Dancer 
4732 0.146 4873 0.171 4731 0.168 Kai 4948 -0,179 Liberty 
4736 -0.275 4874 0.309 4786 0,167 Bellman 4665 -0,187 Target 
4747 -0.378 4877 0297 4732 0,146 Liberty 4756 -0,188 Choice 
4755 0.037 4879 -0.116 4871 0.131 Dancer 4946 -0,191 Liberty 
4756 -0.188 4882 -0.214 4692 0,091 Stanley 4836 -0,195 Oscar 
4757 -0.003 4883 -0.171 4821 0,081 Choice 4778 -0,197 Oscar 
4765 0.415 4887 -0.175 4898 0.075 Mountain 4882 -0.214 Curious 
4768 -0.315 4888 -0.019 4843 0,064 Oscar 4723 -0,234 Mascot 
4769 -0.365 4891 0038 4947 0.057 lilvin 4941 -0,248 Bellman 
4771 -0.263 4896 -0.050 4891 0.038 Converse 4937 -0,257 Liberty 
4775 -0.045 4898 0.075 4755 0.037 Curious 4771 -0,263 Choice 
4777 0.207 4937 -0.257 4858 0,035 Spencer 4698 -0,273 Holiday 
4778 -0.197 4941 -0.248 4857 0,020 (jlee 4736 -0.275 Bellman 
4785 0.016 4942 -0,167 4796 0,018 Centurian 4721 -0,312 Bellman 
4786 0.167 4946 -0.191 4785 0,016 1 loliday 4768 -0,315 Target 
4788 -0.014 4947 0.057 4757 -0,003 Tesk 4769 -0,365 Target 
4793 -0.168 4948 -0,179 4728 -0,007 Malachi 4747 -0,378 Festus 
4796 0.018 4951 0.410 4788 -0,014 Bellman 4826 -0,390 Prelude 
Table B6. Estimated breeding values (BV) for cytochrome c reduction by stimulated neutrophils in week lof a glucocorticoid-induced 
immunosuppression model. Data were collccted on days -5, -4, and -3 (first dexamcthasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.026 4797 0.017 4896 0,244 Choice 4676 0,014 Malachi 
4675 0.009 4821 0.102 4843 0,109 Oscar 4755 0,011 Curious 
4676 0.014 4826 0.018 4821 0,102 Choice 4675 0,009 Holiday 
4677 -0.020 4832 -0.015 4898 0.093 Mountain 4721 0,006 Bellman 
4688 -0.013 4836 0.003 4871 0.092 Dancer 4836 0,003 f)scar 
4692 -0.013 4837 0.035 4775 0.057 Target 4793 0,001 Jurist 
4698 -0.029 4843 0.109 4887 0.056 Dancer 4723 -0.003 Mascot 
4721 0.006 4857 -0.212 4796 0.056 Centurian 4951 -0.005 Converse 
4723 -0.003 4858 0.014 4778 0,052 Oscar 4786 -0.010 Bellman 
4728 -0.021 4861 -0.025 4777 0,051 Target 4688 -0.013 Bellman 
4729 0,029 4865 0.021 4771 0,050 Choice 4692 -0.013 Stanley 
4731 0.046 4871 0.092 4756 0,047 Choice 4832 -0,015 Prelude 
4732 -0.028 4873 -0.018 4731 0,046 Kai 4788 -0,016 Bellman 
4736 -0.082 4874 0.023 4882 0,042 Curious 4873 -0,018 Liberty 
4747 -0.048 4877 0.024 4768 0,040 Target 4677 -0,020 Holiday 
4755 0.011 4879 0.027 4837 0,035 Captain 4728 -0,021 Malachi 
4756 0.047 4882 0.042 4765 0,035 Oscar 4861 -0,025 Malachi 
4757 -0.078 4883 -0.076 4937 0,033 Liberty 4732 -0.028 Liberty 
4765 0.035 4887 0.056 4769 0,031 Target 4698 -0,029 Holiday 
4768 0.040 4888 0.027 4729 0,029 Mascot 4785 -0037 Holiday 
4769 0.031 4891 -0.302 4888 0,027 Oscar 4747 -0 048 Festus 
4771 0.050 4896 0.244 4879 0,027 Prelude 4941 -0,063 Bellman 
4775 0.057 4898 0,093 4665 0,026 Target 4942 -0,069 Mountain 
4777 0.051 4937 0.033 4877 0,024 Prelude 4883 -0,076 Prelude 
4778 0.052 4941 -0,063 4874 0,023 I.iberty 4757 -0,078 Tesk 
4785 -0.037 4942 -0,069 4865 0,021 Mackenzie 4736 -0,082 Bellman 
4786 -0.010 4946 -0,110 4826 0,018 Prelude 4946 -0,110 Liberty 
4788 -0.016 4947 -0,142 4797 0,017 Choice 4947 -0,142 Elvin 
4793 0.001 4948 0,015 4948 0,015 Liberty 4857 -0,212 Glee 
4796 0.056 4951 -0,005 4858 0,014 Spencer 4891 -0,302 Converse 
Table B7. Hstimated breeding values (BV) for native chenuluminescence in week lof a glucocorticoid-induced immunosuppression model. 
Dala were collected on days -5, -4, and -3 (first dexametliasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.022 4797 0.018 4729 0.245 Mascot 4728 -0.014 Malachi 
4675 0.004 4821 0.063 4843 0.237 Oscar 4769 -0.014 Target 
4676 0.020 4826 -0,029 4898 0.155 Mountain 4771 -0.020 Choice 
4677 0.064 4832 0.021 4887 0.144 Dancer 4731 -0.020 Kai 
4688 0.030 4836 -0.022 4796 0.134 Centuriaii 4665 -0.022 Target 
4692 -0.037 4837 -0.053 4896 0.125 Choice 4836 -0.022 Oscar 
4698 0,028 4843 0.237 4793 0.095 Jurist 4941 -0.028 Bellman 
4721 0.071 4857 -0.175 4865 0.088 Mackenzie 4826 -0.029 Prelude 
4723 -0.071 4858 0.079 4858 0.079 Spencer 4756 -0.031 Choice 
4728 -0.014 4861 0.045 4721 0.07! Bellman 4879 -0.033 Prelude 
4729 0.245 4865 0.088 4677 0.064 Holiday 4755 -0.035 Curious 
4731 -0.020 4871 0.019 4821 0.063 Choice 4757 -0.035 Tesk 
4732 0.028 4873 0.035 4882 0.049 Curious 4951 -0.036 Converse 
4736 -0.008 4874 -0.038 4861 0.045 Malachi 4692 -0.037 Stanley 
4747 -0.013 4877 -0.055 4873 0.035 Liberty 4874 -0.038 l.iberty 
4755 -0.035 4879 -0.033 4942 0.031 Mountain 4785 -0.039 Holiday 
4756 -0.031 4882 0.049 4688 0.030 Bellman 4837 -0.053 Captain 
4757 -0.035 4883 -0.054 4698 0.028 Holiday 4883 -0.054 Prelude 
4765 0.012 4887 0.144 4732 0.028 Liberty 4877 -0.055 Prelude 
4768 -0.184 4888 -0.105 4948 0.021 Liberty 4946 -0.061 Liberty 
4769 -0.014 4891 -0.332 4832 0,021 Prelude 4775 -0.063 Target 
4771 -0.020 4896 0.125 4676 0.020 Malachi 4778 -0.066 Oscar 
4775 -0,063 4898 0.155 4871 0.019 Dancer 4723 -0.071 Mascot 
4777 -0.097 4937 -0.116 4797 0.018 Choice 4947 -0.084 Hlvin 
4778 -0,066 4941 -0.028 4788 0.012 Bellman 4777 -0.097 Target 
4785 -0.039 4942 0.031 4765 0.012 Oscar 4888 -0.105 Oscar 
4786 0.007 4946 -0.061 4786 0.007 Belln)an 4937 -0.116 Liberty 
4788 0.012 4947 -0.084 4675 0.004 Holiday 4857 -0.175 (Jlee 
4793 0,095 4948 0.021 4736 -0.008 Bellman 4768 -0.184 Target 
4796 0.134 4951 -0.036 4747 -0.013 Festus 4891 -0.332 Converse 
Table B8. l:sliii)aJcd breeding values (liV) for ingestion of opsonized Staphylococcus aureus in week lof a glucocorticoid-induced 
immunosuppression model. Data were collected on days - 5, -4, and -3 (Hrst dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.012 4797 -0.009 "4861 0,163 Malachi 4785 -0.002 Holiday 
4675 -0.083 4821 -0.095 4698 0,160 Holiday 4797 -0.009 Choice 
4676 -0.083 4826 0.100 4832 0.152 I'relude 4665 -0.012 larget 
4677 -0.017 4832 0.152 4948 0.147 Liberty 4775 -0.013 Target 
4688 -0.062 4836 0.128 4843 0.132 Oscar 4857 -0.013 Glee 
4692 0.029 4837 0.024 4778 0.128 Oscar 4677 -0.017 Holiday 
4698 0.160 4843 0.132 4836 0.128 Oscar 4747 -0.019 Festus 
4721 0.090 4857 -0.013 4826 0.100 Prelude 4874 -0.027 Liberty 
4723 0.000 4858 -0.101 4721 0.090 Bellman 4873 -0.027 Liberty 
4728 -0.152 4861 0.163 4786 0,084 Bellman 4765 -0.027 (iscar 
4729 •0.119 4865 -0.165 4888 0.075 Oscar 4796 -0.030 Centurian 
4731 -0.128 4871 0.070 4755 0.073 Curious 4756 -0.032 Choice 
4732 0.010 4873 -0.027 4871 0.070 Dancer 4688 -0.062 Bellman 
4736 -0.068 4874 -0.027 4887 0.063 Dancer 4891 -0.064 Converse 
4747 -0.019 4877 0.009 4937 0.061 Liberty 4769 -0.067 Target 
4755 0.073 4879 -0.067 4951 0.060 Converse 4879 -0.067 Prelude 
4756 -0.032 4882 -0.001 4883 0.060 I'relude 4736 -0.068 Bellman 
4757 0.051 4883 0.060 4757 0.051 Tesk 4675 -0.083 Holiday 
4765 -0.027 4887 0.063 4947 0.048 LIvin 4676 -0.083 Malachi 
4768 -0.113 4888 0.075 4896 0,048 Choice 4821 -0.095 Choice 
4769 -0.067 4891 -0.064 4942 0,044 Mountain 4793 -0.097 Jurist 
4771 0.019 4896 0.048 4946 0.035 Liberty 4777 -0.098 Target 
4775 -0.013 4898 0.019 4692 0.029 Stanley 4858 -0.101 Spencer 
4777 -0.098 4937 0.061 4837 0.024 Captain 4768 -0.113 Target 
4778 0,128 4941 -0.114 4771 0.019 Choice 4941 -0.114 Bellman 
4785 -0.002 4942 0.044 4898 0.019 Mountain 4788 -0.116 Bellman 
4786 0,084 4946 0.035 4732 0.010 Liberty 4729 -0.119 Mascot. 
4788 -0.116 4947 0.048 4877 0.009 Prelude 4731 -0.128 Kai 
4793 -0.097 4948 0.147 4723 0.000 Mascot 4728 -0.152 Malachi 
4796 -0.030 4951 0.060 4882 -0.001 Curious 4865 -0.165 Mackenzie 
Table B9. Estimated breeding values (BV) for neutrophil random migration in week lof a glucocorticoid-induced immunosuppression model. 
Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.072 4797 -0.075 4736 0.410 Bellman 4941 0.002 Bellman 
4675 -0.019 4821 -0.042 4879 0.302 Prelude 4836 -0.005 Oscar 
4676 0.031 4826 0.138 4769 0.229 Target 4755 -0.006 Curious 
4677 -0.043 4832 0.035 4768 0,220 Target 4896 -0,008 Choice 
4688 0.105 4836 -0.005 4883 0.142 Prelude 4887 -0.008 Dancer 
4692 -0.118 4837 -0.165 4826 0.138 Prelude 4874 -0,009 I.iberty 
4698 0.108 4843 0.063 4948 0.127 Liberty 4675 -0.019 Holiday 
4721 0.093 4857 0.054 4698 0.108 Holiday 4865 -0.028 Mackenzie 
4723 0.017 4858 0.103 4688 0.105 Bellman 4728 -0.030 Malachi 
4728 -0.030 4861 -0.057 4858 0.103 Spencer 4775 -0.033 Target 
4729 -0.283 4865 -0.028 4777 0.094 Target 4757 -0.037 Tesk 
4731 -0.180 4871 -0.055 4721 0.093 Bellman 4873 -0.040 Liberty 
4732 -0.102 4873 -0.040 4785 0.089 Holiday 4821 -0.042 Choice 
4736 0.410 4874 -0.009 4747 0.082 Feslds 4677 -0.043 Holiday 
4747 0.082 4877 0.039 4665 0.072 Target 4871 -0.055 Dancer 
4755 -0.006 4879 0.302 4843 0.063 Oscar 4861 -0.057 Malachi 
4756 0.034 4882 0.040 4857 0.054 Glee 4796 -0.060 Centurian 
4757 -0.037 4883 0.142 4765 0.045 Oscar 4947 -0.068 Elvin 
4765 0.045 4887 -0.008 4882 0.040 Curious 4797 -0.075 Choice 
4768 0.220 4888 -0.278 4877 0.039 Prelude 4771 -0.083 Choice 
4769 0.229 4891 -0.126 4832 0.035 Prelude 4778 -0.085 Oscar 
4771 -0.083 4896 -0.008 4756 0.034 Choice 4732 -0.102 I.iberty 
4775 -0.033 4898 0.006 4676 0.031 Malachi 4692 -0.118 Stanley 
4777 0.094 4937 -0.139 4793 0.023 Jurist 4891 -0.126 Converse 
4778 -0.085 4941 0.002 4951 0.022 Converse 4937 -0.139 Liberty 
4785 0.089 4942 -0.143 4788 0.019 Bellman 4942 -0.143 Mountain 
4786 0.012 4946 0.008 4723 0.017 Mascot 4837 -0.165 Caplaiii 
4788 0.019 4947 -0.068 4786 0.012 Bellman 4731 -0.180 Kai 
4793 0.023 4948 0.127 4946 0.008 Liberty 4888 -0.278 Oscar 
4796 -0.060 4951 0.022 4898 0.006 Mountain 4729 -0.283 Mascot 
Table BIO. Estimated breeding values (BV) for peripheral blood neutrophil count in week lof a glucocorticoid-induced immunosuppression 
model. Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X ICQ) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.024 4797 -0.069 4796 0.179 Centurian 4728 0.002 Malachi 
4675 0.025 4821 -0.139 4747 0.114 Festus 4883 -0.001 Prelude 
4676 0.017 4826 -0.074 4937 0.112 Liberty 4898 -0.009 Mountain 
4677 -0,027 4832 0.085 4765 0.110 Oscar 4786 -0.013 Bellman 
4688 -0.026 4836 -0,019 4887 0.099 Dancer 4836 -0.019 Oscar 
4692 0.006 4837 0.032 4778 0.091 Oscar 4871 -0.019 Dancer 
4698 0.013 4843 0,019 4832 0.085 Prelude 4723 -0.021 Mascot 
4721 0.009 4857 -0.025 4757 0.067 Tesk 4729 -0.021 Mascot 
4723 -0.021 4858 -0.042 4882 0.060 Curious 4941 -0.022 Bellman 
4728 0.002 4861 -0.074 4879 0.055 Prelude 4665 -0.024 Target 
4729 -0.021 4865 -0.106 4785 0.051 Holiday 4857 -0.025 Glee 
4731 0.035 4871 -0.019 4873 0.049 Liberty 4688 -0,026 Bellman 
4732 -0.030 4873 0.049 4947 0.047 Llvin 4677 -0.027 Holiday 
4736 -0.061 4874 -0.035 4768 0.047 Target 4732 -0.030 l.iberty 
4747 0.114 4877 0.031 4777 0.036 Target 4874 -0.035 Liberty 
47.>S 0.034 4879 0.055 4731 0.035 Kai 4858 -0.042 Spencer 
4756 0.026 4882 0.060 4755 0.034 Curious 4942 -0.058 Mountain 
4757 0.067 4883 -0.001 4888 0.033 Oscar 4771 -0.059 Choice 
4765 0.110 4887 0.099 4837 0.032 Captain 4891 -0.060 Converse 
4768 0.047 4888 0.033 4877 0.031 Prelude 4736 -0.061 Bellman 
4769 -0.062 4891 -0.060 4756 0.026 Choice 4769 -0.062 Target 
4771 -0.059 4896 -0.072 4675 0.025 Holiday 4951 -0.064 Converse 
4775 -0.073 4898 -0.009 4946 0.021 Liberty 4797 -0.069 Choice 
4777 0.036 4937 0.112 4843 0.019 Oscar 4896 -0.072 Choice 
4778 0.091 4941 -0.022 4793 0.018 Jurist 4775 -0.073 Target 
4785 0.051 4942 -0.058 4676 0.017 Malachi 4826 -0.074 Prelude 
4786 -0.013 4946 0.021 4698 0.013 Holiday 4861 -0.074 Malachi 
4788 0.007 4947 0.047 4721 0.009 Bellman 4948 -0.093 l.iberty 
4793 0.018 4948 -0.093 4788 0.007 Bellman 4865 -0.106 Mackenzie 
4796 0.179 4951 -0.064 4692 0.006 Stanley 4821 -0.139 Choice 
Table B! I. Bstimated breeding values (BV) for peripheral blood eosinophil couni in week I of a glucocorticoid-induced immunosuppression 
model. Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.013 4797 -0.002 4865 1.035 Mackenzie 4861 -0.025 Malachi 
4675 -0.163 4821 0.446 4888 0.707 Oscar 4836 -0,039 Oscar 
4676 0.048 4826 -0.150 4858 0,671 Spencer 4896 -0,046 Choice 
4677 0.478 4832 -0.166 4796 0,533 Centurian 4942 -0.047 Miiuntain 
4688 0.456 4836 -0.039 4677 0.478 Holiday 4775 -0.055 larget 
4692 -0.474 4837 0,291 4873 0,469 l.ibcrty 4946 -0,081 Liberty 
4698 -0.240 4843 0,462 4843 0,462 Oscar 4874 -0.107 Liberty 
4721 0,133 4857 0,276 4688 0.456 Bellman 4793 -0.118 Jurist 
4723 0.034 4858 0,671 4821 0,446 Choice 4771 -0,142 Choice 
4728 -0.267 4861 -0,025 4729 0,307 Mascot 4826 -0,150 Prelude 
4729 0.307 4865 1,035 4837 0.291 Captain 4675 -0,163 1 loliday 
4731 0.255 4871 -0.606 4857 0,276 Glee 4832 -0,166 Prelude 
4732 -0,023 4873 0,469 4731 0.255 Kai 4937 -0,171 Liberty 
4736 -0,214 4874 -0.107 4768 0.201 Target 4788 -0.175 Bellman 
4747 0,045 4877 -0,327 4755 0.201 Curious 4757 -0.207 lesk 
4755 0,201 4879 0,094 4769 0.195 Target 4736 -0.214 Bellman 
4756 -0,022 4882 0,035 4765 0,161 Oscar 4698 -0.240 Holiday 
4757 -0,207 4883 -0,556 4941 0,137 Bellman 4728 -0,267 Malachi 
4765 0.161 4887 -0.560 4721 0.133 Bellman 4877 -0,327 Prelude 
4768 0,201 4888 0.707 4879 0,094 Prelude 4786 -0.339 Bellman 
4769 0.195 4891 -0.727 4778 0,090 Oscar 4947 -0.353 lilvin 
4771 -0,142 4896 -0,046 4676 0.048 Malachi 4898 -0.397 Mountain 
4775 -0,055 4898 -0,397 4777 0,046 Target 4951 -0.401 Converse 
4777 0.046 4937 -0,171 4747 0.045 Festus 4692 -0.474 Stanley 
4778 0.090 4941 0.137 4882 0.035 Curious 4785 -0.507 Holiday 
4785 -0,507 4942 -0,047 4723 0.034 Mascot 4948 -0.523 Liberty 
4786 -0,339 4946 -0,081 4797 -0.002 Choice 4883 -0.556 Prelude 
4788 -0.175 4947 -0,353 4665 -0.013 Target 4887 -0.560 Dancer 
4793 -0.118 4948 -0,523 4756 -0.022 Choice 4871 -0.606 Dancer 
4796 0.533 4951 -0,401 4732 -0.023 Liberty 4891 -0.727 Converse 
Table BI2. Bslimated breeding values (BV) for peripheral niononuclear cell count in week I of a glucocorlicoid-induced immunosuppression 
model. Data were collected on days -5, -4, and -3 (first dexamelhasone injection = day 0) and were used within a single-trait animal model 
for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.026 4797 -0.012 4832 0.179 Prelude 4891 -0.011 Converse 
4675 0.027 482! -0.029 4796 0.157 Centurian 4721 -0.012 Bellman 
4676 0.033 4826 0.027 4937 0.130 Liberty 4797 -0.012 Choice 
4677 -0.072 4832 0.179 4882 0.127 Curious 4947 -0.024 Ulvin 
4688 0.017 4836 0.011 4888 0.119 Oscar 4665 -0.026 Target 
4692 -0.007 4837 0.102 4948 0.107 Liberty 4821 -0.029 Choice 
4698 0.065 4843 0.022 4837 0.102 Captain 4732 -0.030 Liberty 
4721 -0.012 4857 -0.057 4877 0.099 Prelude 4731 -0.030 Kai 
4723 -0.056 4858 -0.078 4729 0.095 Mascot 4777 -0.030 Target 
4728 -0.044 4861 -0.038 4873 0.090 Liberty 4786 -0.036 Bellman 
4729 0.095 4865 0.049 4698 0.065 Holiday 4861 -0.038 Malachi 
473' -0.030 4871 -0.054 4946 0.060 Liberty 4883 -0.039 Prelude 
4731' -0.030 4873 0.090 4879 0.057 Prelude 4896 -0.041 Choice 
4736 0.042 4874 -0.078 4865 0.049 Mackenzie 4898 -0.042 Mountain 
4747 0.023 4877 0.099 4736 0.042 Bellman 4771 -0.044 Choice 
4755 0.030 4879 0.057 4756 0.041 Choice 4728 -0.044 Malachi 
4756 0.041 4882 0.127 4676 0.033 Malachi 4887 -0.046 Dancer 
4757 0.010 4883 -0.039 4765 0.030 Oscar 4871 -0.054 Dancer 
4765 0.030 4887 -0.046 4755 0.030 Curious 4723 -0.056 Mascot 
4768 -0.093 4888 0.119 4675 0.027 1 loliday 4857 -0,057 (ilce 
4769 0.011 4891 -O.OII 4826 0.027 Prelude 4677 -0.072 Holiday 
4771 -0.044 4896 -0.041 4747 0.023 I'estus 4775 -0,073 Target 
4775 -0.073 4898 -0.042 4843 0.022 Oscar 4858 -0,078 Spencer 
4777 -0.030 4937 0.130 4793 0.021 Jurist 4874 -0,078 IJberty 
4778 -0.003 4941 -0.093 4688 0.017 Bellman 4788 -0,082 Bellman 
4785 -0.153 4942 -0.181 4769 0,011 Target 4768 -0,093 Target 
4786 -0.036 4946 0.060 4836 0.011 Oscar 4941 -0,093 Bellman 
4788 -0.082 4947 -0.024 4757 0.010 Tesk 4951 -0.094 Converse 
4793 0.021 4948 0.107 4778 -0.003 Oscar 4785 -0.153 Holiday 
4796 0.157 4951 -0.094 4692 -0.007 Stanley 4942 -0.181 Mountain 
Table B13. Estimated breeding values (BV) for spontaneous lymphocyte blastogenesis in week lof a glucocorticoid-induced 
immunosuppression model. Data vcre collected on days -5, -4, and -3 (first dexamethasone inject on = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.248 4797 0.405 4771 0.644 Choice 4677 -0,001 Holiday 
4675 -0.323 4821 0.103 4942 0.580 Mountain 4765 -0,015 Oscar 
4676 0 048 4826 0.12! 4698 0.493 Holiday 4888 -0,016 Oscar 
4677 -0.001 4832 0.066 4736 0.445 Bellman 4857 -0,025 Cilee 
4688 -0.383 4836 -0.063 4775 0.431 Target 4861 -0,028 Malachi 
4692 -0.032 4837 0.188 4788 0.426 Bellman 4692 -0,032 Stanley 
4698 0.493 4843 0.021 4757 0.406 Tesk 4883 -0,033 Prelude 
4721 -0.508 4857 -0.025 4797 0.405 Choice 4793 -0,058 Jurist 
4723 0.122 4858 0.005 4941 0.312 Bellman 4836 -0,063 Oscar 
4728 0.193 4861 -0.028 4778 0.286 Oscar 4756 -0,065 Choice 
4729 -0.799 4865 -0.589 4896 0.271 C!hoice 4937 -0.078 Liberty 
4731 0.070 4871 0.036 4877 0.248 Prelude 4891 -0,078 Converse 
4732 0.097 4873 -0.239 4755 0.241 Curious 4946 -0,127 Liberty 
4736 0.445 4874 0.187 4728 0.193 Malachi 4951 -0,128 Converse 
4747 -0.142 4877 0.248 4837 0.188 Captain 4747 -0,142 Test us 
4755 0.241 4879 -0.350 4874 0.187 Liberty 4785 -0,178 Holiday 
4756 -0.065 4882 0.175 4882 0.175 Curious 4777 -0,185 Target 
4757 0.406 4883 -0.033 4723 0.122 Mascot 4873 -0,239 Liberty 
4765 -0.015 4887 -0.289 4826 0.121 Prelude 4665 -0,248 Target 
4768 -0.758 4888 -0.016 4821 0.103 C'hoice 4786 -0,251 Bellman 
4769 -0.298 4891 -0.078 4732 0.097 Liberty 4887 -0,289 Dancer 
4771 0.644 4896 0.271 4796 0.092 Centurian 4769 -0,298 Target 
4775 0.431 4898 0.025 4731 0.070 Kai 4675 -0,323 Holiday 
4777 -0.185 4937 -0.078 4832 0.066 Prelude 4948 -0,350 Liberty 
4778 0.286 4941 0.312 4947 0.048 Llvin 4879 -0,350 Prelude 
4785 -0.178 4942 0.580 4676 0.048 Malachi 4688 -0.383 Bellman 
4786 -0.251 4946 -0.127 4871 0.036 Dancer 4721 -0,508 Bellman 
4788 0.426 4947 0.048 4898 0.025 Mountain 4865 -0.589 Mackenzie 
4793 -0.058 4948 -0.350 4843 0.021 Oscar 4768 -0.758 Target 
4796 0.092 4951 -0.128 4858 0.005 Spencer 4729 -0.799 Mascot 
Table BI4. Estimaled breeding values (BV) for lymphocyte blastogenesis induced by concanavalin A in week lof a glucocorticoid-induced 
immunosuppression model. Data were collected on days -5, -4, and -3 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.250 4797 0.279 4775 0.664 Target 4888 0.072 Oscar 
4675 -0.233 4821 0,432 4896 0.650 Choice 4879 0.070 Prelude 
4676 -0.121 4826 0,173 4871 0.574 Dancer 4785 0.067 i loliday 
4677 -0.579 4832 0,178 4736 0.565 Bellman 4723 0.064 Mascot 
4688 -0.091 4836 0.158 4757 0.549 Tesk 4948 0.056 Liberty 
4692 -0.045 4837 0,255 4771 0,448 Choice 4946 0.048 l.iberty 
4698 0.114 4843 0,089 4821 0.432 Choice 4731 0,046 Kai 
4721 0.155 4857 -0,723 4747 0,288 Festus 4883 0,038 Prelude 
4723 0.064 4858 -0,121 4797 0.279 Choice 4941 0.033 Uellman 
4728 0.078 4861 -0.298 4837 0.255 Captain 4756 0.008 Choice 
4729 -1.593 4865 -1.663 4778 0.253 Oscar 4882 -0.020 Curious 
4731 0.046 4871 0.574 4788 0.252 Bellman 4796 -0.028 Centurian 
4732 0.209 4873 0.109 4777 0.217 Target 4692 -0.045 Stanley 
4736 0.565 4874 0.074 4732 0.209 Liberty 4887 -0,045 Dancer 
4747 0.288 4877 0.109 4793 0.183 Jurist 4688 -0.091 Bellman 
4755 0.122 4879 0.070 4832 0.178 Prelude 4898 -0.115 Mountain 
4756 0.008 4882 -0.020 4826 0.173 Prelude 4676 -0.121 Malachi 
4757 0,549 4883 0.038 4836 0.158 Oscar 4858 -0.121 Spencer 
4765 0.128 4887 -0.045 4721 0,155 Bellman 4769 -0.139 Target 
4768 -0.317 4888 0.072 4937 0,130 Liberty 4951 -0.161 Converse 
4769 -0.139 4891 -0.854 4765 0,128 Oscar 4786 -0.195 [3ellman 
4771 0.448 4896 0.650 4947 0,124 Hlvin 4675 -0.233 Holiday 
4775 0.664 4898 -0.115 4755 0,122 Curious 4665 -0,250 Target 
4777 0.217 4937 0.130 4698 0.114 Holiday 4861 -0,298 Malachi 
4778 0,253 4941 0.033 4873 0.109 Liberty 4768 -0,317 Target 
4785 0.067 4942 0.086 4877 0.109 Prelude 4677 -0,579 Holiday 
4786 -0.195 4946 0.048 4843 0.089 Oscar 4857 -0,723 Glee 
4788 0,252 4947 0.124 4942 0.086 Mountain 4891 -0,854 Converse 
4793 0,183 4948 0.056 4728 0.078 Malachi 4729 -1.593 Mascot 
4796 -0.028 4951 -0.161 4874 0.074 Liberty 4865 -1.663 Mackenzie 
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APPENDIX C 
BREEDING VALUE ESTIMATES FOR IMMUNE RESPONSE TRAITS 
CONSIDERING DATA FROM WEEK 2 ONLY 
Table CI. Hstiniated breeding values (BV) for anlibody-dependenl neutrophil cyloloxicily in week 2 of a glucocorlicoid-induced 
immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexametliasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.033 4797 0.107 4951 0.254 Converse 4778 -0.001 Oscar 
4675 0.114 4821 0.063 4948 0.204 Liberty 4728 -0,002 Malachi 
4676 0.030 4826 -0.058 4732 0.166 Liberty 4832 -0.003 Prelude 
4677 -0.087 4832 -0.003 4882 0.153 Curious 4941 -0,012 Bellman 
4688 0.078 4836 0.038 4947 0.137 1-lvin 4785 -0,021 Holiday 
4692 0.033 4837 0.000 4891 0.127 Converse 4731 -0,024 Kai 
4698 0.004 4843 -0.157 4675 0.114 Holiday 4874 -0,026 Liberty 
4721 -0.027 4857 -0.063 4942 0 .  I l l  Mountain 4721 -0,027 Bellman 
4723 -0.094 4858 -0.052 4888 0.111 Oscar 4769 -0,040 Target 
4728 -0.002 4861 0.067 4797 0.107 Choice 4788 -0,043 Bellman 
4729 0.093 4865 0.028 4937 0.100 Liberty 4883 -0,052 Prelude 
4731 -0.024 4871 0.001 4729 0.093 Mascot 4858 -0.052 Spencer 
4732 0.166 4873 -0.098 4896 0.082 Choice 4826 -0.058 Prelude 
4736 -0.096 4874 -0.026 4688 0.078 Bellman 4796 -0.059 Centurian 
4747 0.009 4877 -0.258 4861 0.067 Malachi 4857 -0.063 Glee 
4755 -0.081 4879 -0.169 4821 0.063 Choice 4768 -0.077 Target 
4756 0.000 4882 0,153 4836 0.038 Oscar 4755 -0.081 Curious 
4757 -0.126 4883 -0.052 4665 0.033 Target 4677 -0.087 Holiday 
4765 0.007 4887 -0.185 4692 0.033 Stanley 4793 -0.093 Jurist 
4768 -0.077 4888 O . l l l  4676 0.030 Malachi 4723 -0.094 Mascot 
4769 -0.040 4891 0.127 4865 0.028 Mackenzie 4736 -0,096 Bellman 
4771 0.002 4896 0.082 4786 0.022 Bellman 4873 -0,098 Liberty 
4775 0,015 4898 -0.130 4775 0.015 Target 4777 -0,099 Target 
4777 -0.099 4937 0.100 4747 0.009 Festus 4946 -0.123 Liberty 
4778 -0.001 4941 -0.012 4765 0.007 Oscar 4757 -0.126 Tesk 
4785 -0.021 4942 0.111 4698 0.004 Holiday 4898 -0.130 Mountain 
4786 0.022 4946 -0.123 4771 0.002 Choice 4843 -0,157 Oscar 
4788 -0.043 4947 0.137 4871 0.001 Dancer 4879 -0.169 Prelude 
4793 -0.093 4948 0.204 4756 0.000 Choice 4887 -0,185 Dancer 
4796 -0,059 4951 0.254 4837 0.000 Captain 4877 -0.258 Prelude 
Table C2. Estimated breeding values (BV) for antibody-independent neutrophil cytotoxicity in week 2 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.039 4797 0.085 4888 1.476 Oscar 4731 -0.042 Kai 
4675 0,465 4821 0.066 4947 0.989 Elvin 4951 -0.054 Converse 
4676 -0,387 4826 -0.113 4937 0.751 Liberty 4756 -0.100 Choice 
4677 -0.226 4832 0.325 48<)6 0.720 Choice 4879 -0.106 Prelude 
4688 -0,130 4836 0.364 4728 0.555 Malachi 4826 -0,113 Prelude 
4692 -0.128 4837 0.392 4732 0.548 Liberty 4865 -0.115 Mackenzie 
4698 0.410 4843 -0.214 4675 0,465 Holiday 4942 -0.116 Mountain 
4721 0.065 4857 -0,302 4698 0.410 Holiday 4747 -0.126 Festus 
4723 -0.334 4858 -0,523 4882 0.410 Curious 4692 -0.128 Stanley 
4728 0.555 4861 0,175 4778 0.403 Oscar 4688 -0,130 Bellman 
4729 0.192 4865 -0,115 4837 0.392 Captain 4871 -0,175 Dancer 
4731 -0.042 4871 -0,175 4836 0.364 Oscar 4755 -0,190 Curious 
4732 0.548 4873 0,072 4786 0.328 Bellman 4843 -0,214 Oscar 
4736 -0.706 4874 0.150 4832 0.325 Prelude 4677 -0,226 Holiday 
4747 -0.126 4877 -0.400 4775 0.291 Target 4857 -0.302 (ilee 
4755 -0.190 4879 -0,106 4771 0.285 Choice 4796 -0,304 Centurian 
4756 -O.lOO 4882 0,410 4785 0.202 Holiday 4946 -0,311 IJberty 
4757 -0,346 4883 -0,324 4729 0.192 Mascot 4883 -0.324 Prelude 
4765 0.007 4887 -0.350 4861 0.175 Malachi 4723 -0,334 Mascot 
4768 -0,695 4888 1.476 4874 0.150 Liberty 4757 -0,346 Tesk 
4769 0.127 4891 0.051 4948 0.128 Liberty 4887 -0,350 Dancer 
4771 0,285 4896 0.720 4769 0.127 Target 4676 -0.387 Malachi 
4775 0.291 4898 -0.432 4797 0.085 Choice 4877 -0,400 Prelude 
4777 -0.506 4937 0.751 4873 0.072 Liberty 4793 -0,417 Jurist 
4778 0.403 4941 -0.507 4821 0.066 Choice 4898 -0,432 Mountain 
4785 0.202 4942 -0.116 4721 0.065 Bellman 4777 -0,506 Target 
4786 0.328 4946 -0.311 4788 0.052 Bellman 4941 -0.507 Bellman 
4788 0.052 4947 0.989 4891 0.051 Converse 4858 -0.523 Spencer 
4793 -0.417 4948 0.128 4665 0.039 Target 4768 -0.695 Target 
4796 -0.304 4951 -0.054 4765 0.007 Oscar 4736 -0.706 Bellman 
Table C3. Estimated breeding values (HV) for neutrophil bactericidal activity measured with a colorimetric assay in week 2 of a 
glucocorticoid-induced immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and 
were used within a single-lrait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) 
from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.016 4797 -0.014 4788 0.097 Bellman 4692 0.004 Stanley 
4675 0.022 4821 -0.0)2 4941 0.079 Bellman 4857 0.002 Glee 
4676 -0.112 4826 0.069 4826 0.069 Prelude 4775 0.002 Target 
4677 0.005 4832 0.057 4832 0.057 F'relude 4756 0.002 Choice 
4688 0.030 4836 0.018 4721 0.038 Bellman 4888 0.000 Oscar 
4692 0.004 4837 0.022 4786 0.038 Bellman 4858 -0.002 Spencer 
4698 0.006 4843 -0.004 4688 0.030 Bellman 4948 -0.003 Liberty 
4721 0.038 4857 0.002 4785 0.030 Holiday 4747 -0.004 Festus 
4723 0.023 4858 -0.002 4736 0.029 Bellman 4873 -0.004 Liberty 
4728 -0.006 4861 -0.026 4874 0.026 Liberty 4843 -0,004 Oscar 
4729 -0.054 4865 -0.091 4879 0.026 Prelude 4896 -0.005 Choice 
4731 0.013 4871 -0.007 4755 0.025 Curious 4728 -0.006 Malachi 
4732 -0.009 4873 -0.004 4723 0.023 Mascot 4871 -0.007 Dancer 
4736 0.029 4874 0.026 4769 0.022 Target 4942 -0.007 Mountain 
4747 -0.004 4877 0.017 4837 0.022 Captain 4796 -0.009 Centurian 
4755 0.025 4879 0.026 4675 0.022 1 loliday 4757 -0.009 Tesk 
4756 0.002 4882 -0.020 4937 0.022 Liberty 4732 -0.009 Liberty 
4757 -0.009 4883 0.010 4771 0.021 Choice 4778 -0.010 Oscar 
4765 -0.066 4887 0.007 4946 0.020 Liberty 4821 -0.012 Choice 
4768 0.015 4888 0.000 4836 0.018 Oscar 4797 -0.014 Choice 
4769 0.022 4891 -0.017 4877 0.017 Prelude 4891 -0.017 Converse 
4771 0.021 4896 -0.005 4665 0.016 Target 4882 -0.020 Curious 
4775 0.002 4898 0.008 4768 0.015 Target 4861 -0.026 Malachi 
4777 -0.057 4937 0.022 4731 0.013 Kai 4729 -0.054 Mascot 
4778 -0.010 4941 0.079 4883 0.010 Prelude 4777 -0.057 Target 
4785 0.030 4942 -0.007 4898 0.008 Mountain 4951 -0.060 Converse 
4786 0.038 4946 0.020 4887 0.007 Dancer 4793 -0.061 Jurist 
4788 0.097 4947 0.005 4698 0.006 1 loliday 4765 -0.066 Oscur 
4793 -0.061 4948 -0.003 4947 0.005 LIvin 4865 -0.091 Mackenzie 
4796 -0.009 4951 -0.060 4677 0.005 Holiday 4676 -0.112 Malachi 
Table C4. Estimated breeding values (BV) for neutrophil iodinalion in week 2 of a glucocorticoid-induced immunosuppression model. Data 
were collected on days 2, 3, 4, and 5 (first dexametlmsone injection = day 0) and were used within a single-trait animal model for breeding 
value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Dulls sorted by identificatiun number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.062 4797 -0.099 4768 " 0.110 Target 4785 0,002 Holiday 
4675 -0.002 4821 0.011 4888 0.107 Oscar 4942 0.002 Mountain 
4676 -0.016 4826 -0.094 4777 0.107 Target 4675 -0.002 Holiday 
4677 -0.003 4832 0.070 4837 0.091 Captain 4677 -0.003 Holiday 
4688 -0.030 4836 0.023 4941 0.082 Bellman 4732 -0.010 Liberty 
4692 -0.067 4837 0.091 4898 0.075 Mountain 4861 -0.013 Malachi 
4698 -0.039 4843 0.020 4832 0.070 Prelude 4947 -0.015 l:lvin 
4721 0.008 4857 -0.115 4769 0.064 Target 4729 -0.015 Mascot 
4723 0.019 4858 -0.046 4665 0.062 Target 4676 -0.016 Malachi 
4728 -0.030 4861 -0.013 4786 0.054 Bellman 4873 -0.017 Liberty 
4729 -0.015 4865 0.038 4948 0.050 Liberty 4765 -0.022 Oscar 
4731 0.049 4871 -0.050 4731 0.049 Kai 4728 -0.030 Malachi 
4732 -0.010 4873 -0.017 4891 0.041 Converse 4688 -0.030 Bellman 
4736 -0.063 4874 0.012 4937 0.040 Liberty 4747 -0.033 Testus 
4747 -0.033 4877 -0.086 4775 0.040 Target 4788 -0.038 Bellman 
4755 0.022 4879 -0.062 4756 0.039 Choice 4698 -0.039 Holiday 
4756 0.039 4882 -0.076 4865 0.038 Mackcn/ic 4858 -0.046 Spencer 
4757 -0.077 4883 -0.067 4771 0,035 Choice 4871 -0.050 Dancer 
4765 -0.022 4887 -0.056 4951 0.024 Converse 4887 -0.056 Dancer 
4768 0.110 4888 0.107 4836 0.023 Oscar 4879 -0.062 Prelude 
4769 0.064 4891 0.041 4796 0.022 Centurian 4736 -0.063 Bellman 
4771 0.035 4896 0.017 4755 0.022 Curious 4692 -0.067 Stanley 
4775 0.040 4898 0.075 4843 0.020 Oscar 4883 -0.067 Prelude 
4777 0.107 4937 0.040 4723 0.019 Mascot 4882 -0.076 Curious 
4778 0.012 4941 0.082 4896 0.017 Choice 4757 -0.077 Tesk 
4785 0.002 4942 0.002 4874 0.012 Liberty 4877 -0.086 Prelude 
4786 0.054 4946 0.007 4778 0.012 Oscar 4793 -0,092 Jurist 
4788 -0.038 4947 -0.015 4821 0.011 Choice 4826 -0.094 Prelude 
4793 -0.092 4948 0.050 4721 0.008 Bellman 4797 -0.099 Choice 
4796 0.022 4951 0.024 4946 0.007 Liberty 4857 -0.115 (jlee 
Table C5. nstimated breeding values (BV) for cytochrome c reduction by stimulated neutrophils in week 2 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.000 4797 -0.022 4874 0.046 Liberty 4676 0.006 Malachi 
4675 0.012 4821 0.029 4873 0.043 Liberty 4896 0.003 Choice 
4676 0.006 4826 -0.026 4843 0.038 Oscar 4768 0.002 Target 
4677 0.009 4832 0.011 4796 0.038 C'enturian 4729 0.002 Mascot 
4688 0.024 4836 0.023 4888 0.035 Oscar 4861 0.000 Malachi 
4692 -0.025 4837 -0.003 4951 0.034 Converse 4665 0.000 Target 
4698 0.016 4843 0.038 4765 0.034 Oscar 4857 0.000 Glee 
4721 0.011 4857 0.000 4821 0.029 Choice 4879 -0.002 Prelude 
4723 0.019 4858 -0.006 4778 0.026 Oscar 4837 -0.003 Captain 
4728 0.013 4861 0.000 4937 0.025 Liberty 4941 -0.004 Bellman 
4729 0.002 4865 0.008 4688 0.024 Bullman 4858 -0,006 Spencer 
4731 -0.025 4871 -0.069 4836 0.023 Oscar 4891 -0.007 Converse 
4732 -0,032 4873 0.043 4775 0.020 Target 4747 -0.007 Festus 
4736 -0.028 4874 0.046 4723 0.019 Mascot 4948 -0.007 I.iberty 
4747 -0.007 4877 0.010 4755 0.017 Curious 4788 -0.009 Bellman 
4755 0.017 4879 -0.002 4698 0.016 Holiday 4898 -0.010 Mountain 
4756 0.016 4882 -0.018 4756 0.016 Choice 4757 -0.010 Tesk 
4757 -0.010 4883 -0.055 4777 0,015 I'arget 4793 -0.010 Jurist 
4765 0.034 4887 -0.063 4786 0.013 Bellman 4946 -0.013 Liberty 
4768 0.002 4888 0.035 4947 0.013 Hlvin 4882 -0.018 Curious 
4769 0.011 4891 -0.007 4728 0.013 Malachi 4797 -0.022 Choice 
4771 0.010 4896 0.003 4675 0.012 Holiday 4731 -0.025 Kai 
4775 0.020 4898 -0.010 4769 0.011 Target 4692 -0.025 Stanley 
4777 0.015 4937 0.025 4721 0.011 Bellman 4826 -0.026 Prelude 
4778 0.026 4941 -0.004 4832 0.011 Prelude 4736 -0,028 Bellman 
4785 0.010 4942 -0.051 4785 0.010 Holiday 4732 -0.032 Liberty 
4786 0.013 4946 -0.013 4771 0.010 Choice 4942 -0.051 Mountain 
4788 -0.009 4947 0.013 4877 0.010 Prelude 4883 -0,055 Prelude 
4793 -0.010 4948 -0.007 4677 0.009 Holiday 4887 -0.063 Dancer 
4796 0.038 4951 0.034 4865 0.008 Mackenzie 4871 -0.069 Dancer 
Table C6. Estimated breeding values (BV) for native chemiluminescence in week 2 of a glucocorticoid-induced immunosuppression model. 
Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification niunber Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.009 4797 -0.028 4946 0.070 Liberty 4778 0.002 Oscar 
4675 0.021 4821 0.002 4948 0.069 Liberty 4793 0.001 Jurist 
4676 -0.002 4826 -0.018 4873 0.042 Liberty 4857 0,000 Glee 
4677 -0.022 4832 0.024 4858 0,042 Spencer 4865 -0.001 Mackenzie 
4688 -0.044 4836 0.003 4731 0,037 Kai 4676 -0.002 Malachi 
4692 0.002 4837 0.033 4757 0,035 Tesk 4788 -0.004 Bellman 
4698 0.017 4843 -0.011 4771 0,033 Choice 4729 -0.006 Mascot 
4721 0.022 4857 0,000 4837 0,033 Captain 4728 -0.006 Malachi 
4723 -0.013 4858 0,042 4732 0,033 Liberty 4769 -0,007 Target 
4728 -0,006 4861 -0,023 4832 0,024 Prelude 4874 -0,008 Liberty 
4729 -0.006 4865 -0.001 4888 0.023 (Jscar 4665 -0009 Target 
4731 0.037 4871 -0.047 4879 0,023 Prelude 4843 -0,011 Oscar 
4732 0.033 4873 0.042 4891 0.022 Converse 4786 -0,012 Bellman 
4736 0.005 4874 -0.008 4721 0,022 Bellman 4723 -0.013 Mascot 
4747 0.017 4877 -0.015 4942 0,022 Mountain 4951 -0,014 Converse 
4755 -0.054 4879 0.023 4675 0,021 Holiday 4877 -0,015 Prelude 
4756 0,006 4882 -0.058 4785 0.021 Holiday 4765 -0,016 Oscar 
4757 0.035 4883 0,002 4698 0.017 Holiday 4826 -0.018 Prelude 
4765 -0.016 4887 -0,056 4747 0.017 1-estus 4677 -0.022 Holiday 
4768 -0.026 4888 0,023 4937 0.012 Liberty 4861 -0,023 Malachi 
4769 -0.007 4891 0,022 4896 0.012 Choice 4768 -0,026 Target 
4771 0.033 4896 0,012 4796 0.010 Centurian 4797 -0.028 Choice 
4775 -0.039 4898 0,002 4777 0.008 Target 4941 -0.032 Bellman 
4777 0,008 4937 0,012 4756 0.006 Choice 4775 -0,039 Target 
4778 0.002 4941 -0,032 4736 0.005 Bellman 4688 -0,044 Bellman 
4785 0.021 4942 0.022 4836 0.003 Oscar 4871 -0,047 Dancer 
4786 -0.012 4946 0.070 4883 0.002 Prelude 4947 -0.053 l:lvi/) 
4788 -0.004 4947 -0,053 4898 0.002 Mountain 4755 -0,054 Curious 
4793 0.001 4948 0.069 4692 0.002 Stanley 4887 -0.056 Dancer 
4796 0.010 4951 -0.014 4821 0.002 Choice 4882 -0.058 Curious 
Table C7. Estimated breeding values (BV) for ingestion of opsonized Staphylococcus aureus in week 2 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.016 4797 -0.035 4887 0.165 Dancer 4837 0.002 Captain 
4675 0.038 4821 -0.064 4771 0.116 Choice 4732 0.000 Liberty 
4676 -0.109 4826 0.097 4832 0.108 Prelude 4723 -0.004 Mascot 
4677 -0.089 4832 0.108 4826 0.097 Prelude 4891 -0.004 Converse 
4688 -0.005 4836 0.048 49.18 0.093 1 liberty 4688 -0,005 Bellman 
4692 -0.096 4837 0.002 4698 0.070 Holiday 4769 -0.009 Target 
4698 0.070 4843 -0.022 4883 0.066 Prelude 4896 -0.015 Choice 
4721 0.061 4857 -0.021 4786 0.064 Bellman 4665 -0.016 Target 
4723 -0.004 4858 0.021 4757 0.062 Tesk 4785 -0.020 Holiday 
4728 0.049 4861 0.004 4721 0.061 Bellman 4857 -0.021 Glee 
4729 -0.092 4865 -0.062 4768 0.052 Target 4843 -0.022 Oscar 
4731 -0.086 4871 0.039 4728 0.049 Malachi 4777 -0.022 Target 
4732 0.000 4873 -0.032 4937 0.049 Liberty 4788 -0.022 Bellman 
4736 -0.071 4874 0.008 4836 0.048 Oscar 4888 -0.024 Oscar 
4747 -0.068 4877 -0.116 4947 0.045 [•Ivin 4873 -0.032 liberty 
4755 0.045 4879 -0.045 4755 0.045 Curious 4797 -0.035 Choice 
4756 0.018 4882 0.016 4871 0.039 1 )ancer 4879 -0.045 Prelude 
4757 0.062 4883 0.066 4675 0,038 Holiday 4796 -0.056 Centurian 
4765 -0.063 4887 0.165 4951 0.029 Converse 4865 -0.062 Mackenzie 
4768 0.052 4888 -0.024 4941 0.024 Ikllman 4765 -0.063 Oscar 
4769 -0.009 4891 -0.004 4946 0.024 L.iberty 4821 -0.064 Choice 
4771 0.116 4896 -0.015 4858 0.021 Spencer 4747 -0.068 Feslus 
4775 0.010 4898 0.003 4942 0.019 Mountain 4736 -0.071 Bellman 
4777 -0.022 4937 0.049 4756 0.018 Choice 4731 -0.086 Kai 
4778 0.017 4941 0.024 4778 0.017 Oscar 4677 -0.089 Holiday 
4785 -0.020 4942 0.019 4882 0.016 Curious 4729 -0.092 Mascot 
4786 0.064 4946 0.024 4775 0.010 Target 4692 -0.096 Stanley 
4788 -0.022 4947 0.045 4874 0.008 Liberty 4676 -0.109 Malachi 
4793 -0.125 4948 0.093 4861 0.004 Malachi 4877 -0.116 Prelude 
4796 -0.056 4951 0.029 4898 0.003 Mountain 4793 -0.125 Jurist 
Table C8. Estimated breeding values (BV) for neutrophil random migration in week 2 of a glucocorticoid-induced immunosuppression model. 
Data were collected on days 2, 3, 4, and 5 (first dexamcthasone injection = day 0) and were used within a single-trait animal model for 
breeding value estintates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0,071 4797 -0.150 4765 0.312 Oscar 4896 0.008 Choice 
4675 0,038 4821 -0.014 4777 0.284 Target 4891 0.000 Converse 
4676 0,062 4826 -0.142 4736 0.181 Bellman 4832 -0,003 Prelude 
4677 -0.010 4832 -0.003 4836 0.140 Oscar 4723 -0,005 Mascot 
4688 -0.062 4836 0.140 4698 0,133 Holiday 4786 -0,007 Helltnan 
4692 -0.099 4837 -0.159 4775 0,105 Target 4857 -0.009 (ilee 
4698 0.133 4843 0.095 4757 0,103 Tesk 4677 -0,010 Holiday 
4721 0.013 4857 -0.009 4858 0,100 Spencer 4821 -0,014 Choice 
4723 -0.005 4858 0.100 4843 0,095 Oscar 4874 -0,019 Liberty 
4728 0.012 4861 -0.034 4785 0.085 Holiday 4951 -0,021 Converse 
4729 -0.092 4865 -0.119 4665 0,071 Target 4888 -0,026 Oscar 
4731 0.028 4871 -0.147 4768 0,070 Target 4755 -0,026 Curious 
4732 -0.081 4873 0.016 4879 0.067 Prelude 4861 -0.034 Malachi 
4736 0.181 4874 -0,019 4778 0,064 ()scar 4942 -0.035 Mountain 
4747 0.013 4877 0.015 4948 0,063 Liberty 4793 -0.036 Jurist 
4755 -0.026 4879 0,067 4676 0,062 Malachi 4947 -0.038 Hlvin 
4756 0.020 4882 -0,094 4946 0,060 Liberty 4898 -0.040 Mountain 
4757 0.103 4883 0.030 4788 0,040 Bellman 4937 -0.045 Liberty 
4765 0.312 4887 0.009 4675 0,038 Holiday 4941 -0,047 Bellman 
4768 0.070 4888 -0.026 4883 0,030 Prelude 4688 -0.062 Bellman 
4769 0.026 4891 0.000 4731 0,028 Kai 4732 -0,081 Liberty 
4771 -0.117 4896 0.008 4769 0,026 Target 4729 -0,092 Mascot 
4775 0.105 4898 -0.040 4756 0.020 Choice 4882 -0,094 Curious 
4777 0.284 4937 -0.045 4873 0  ( t l 6  l i b e r t y  4692 -0,099 Stanley 
4778 0.064 4941 -0.047 4877 0,015 Prelude 4771 -0,117 Choice 
4785 0.085 4942 -0,035 4721 0,013 Bellman 4865 -0.119 Mackenzie 
4786 -0.007 4946 0.060 4747 0,013 Feslus 4826 -0.142 Prelude 
4788 0.040 4947 -0.038 4728 0,012 Malachi 4871 -0.147 Dancer 
4793 -0.036 4948 0.063 4796 0.012 Centurian 4797 -0.150 Choice 
4796 0.012 4951 -0.021 4887 0.009 Dancer 4837 -0.159 Captain 
Table C9. Estimated breeding values (BV) for neutrophil directed migration in week 2 of a glucocorticoid-induced immunosuppression model. 
Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.029 4797 -0.014 4891 0.054 Converse 4946 0.000 Liberty 
4675 0.003 4821 -0.011 4786 0.040 Bellman 4755 0.000 Curious 
4676 0.026 4826 0.003 4836 0.036 Oscar 4896 -0.001 Choice 
4677 -0.015 4832 0.011 4723 0.031 Mascot 4951 -0.002 Converse 
4688 -0.005 4836 0.036 4882 0.030 Curious 4736 -0.002 Bellman 
4692 0.021 4837 0.004 4676 0.026 Malachi 4788 -0.003 Bellman 
4698 -0.009 4843 -0.029 4883 0.021 Prelude 4879 -0.004 Prelude 
4721 0.006 4857 0.006 4692 0.021 Stanley 4861 -0.005 Malachi 
4723 0.031 4858 -0.011 4832 0.011 Prelude 4688 -0.005 Bellman 
4728 -0.013 4861 -0.005 4731 0.01! Kai 4768 -0.006 Target 
4729 -0.010 4865 0.009 4865 0.009 Mackenzie 4941 -0.006 Bellman 
4731 0.011 4871 0.000 4732 0.009 Liberty 4771 -0.006 Choice 
4732 0.009 4873 0.009 4873 0.009 IJberty 4757 -0.007 Tesk 
4736 -0.002 4874 0.004 4796 0.006 Centurian 4765 -0.007 Oscar 
4747 0.004 4877 0.000 4721 0.006 Bellman 4948 -0.007 liberty 
4755 0.000 4879 -0.004 4778 0.006 Oscar 4756 -0.009 Choice 
4756 -0.009 4882 0.030 4942 0.006 Mountain 4698 -0.009 Holiday 
4757 -0.007 4883 0.021 4857 0.006 Glee 4769 -0.010 Target 
4765 -0.007 4887 0.000 4837 0.004 Captain 4729 -0.010 Mascot 
4768 -0.006 4888 0.004 4747 0.004 l-estus 4898 -0.010 Mountain 
4769 -0.010 4891 0.054 4874 0.004 Liberty 4821 -0.011 Choice 
4771 -0.006 4896 -0.001 4888 0.004 Oscar 4858 -O.OII Spencer 
4775 -0.029 4898 -0.010 4826 0.003 Prelude 4728 -0.013 Malachi 
4777 -0.038 4937 0.001 4793 0.003 Jurist 4797 -0.014 Choice 
4778 0.006 4941 -0.006 4675 0.003 Holiday 4677 -0.015 Holiday 
4785 0.000 4942 0.006 4937 0.001 Liberty 4947 -0.018 LIvin 
4786 0.040 4946 0.000 4887 0.000 Dancer 4665 -0.029 Target 
4788 -0.003 4947 -0.018 4785 0.000 Holiday 4843 -0.029 Oscar 
4793 0.003 4948 -0.007 4871 0.000 Dancer 4775 -0.029 Target 
4796 0.006 4951 -0.002 4877 0.000 Prelude 4777 -0.038 Target 
Table CIO. Bstimated breeding values (UV) for peripheral blood neutrophil count in week 2 of a glucocorticoid-induced immunosuppression 
model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted hy breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.050 4797 0.061 4937 0.595 Liberty 4677 -0.005 Holiday 
4675 -0.063 4821 -0.127 4882 0.387 furious 4769 -0.007 Target 
4676 0.053 4826 0.001 4946 0.347 Liberty 4731 -0.014 Kai 
4677 -0.005 4832 -0.035 4757 0.332 Tesk 4861 -0.017 Malachi 
4688 -0.113 4836 -0.106 4796 0.319 Centurian 4736 -0.021 Bellman 
4692 -0.166 4837 0.140 4732 0.286 Liberty 4832 -0,035 Prelude 
4608 0.094 4843 -0.095 4947 0.198 Llvin 4785 -0.041 Holiday 
4721 0.081 4857 0.017 4891 0.175 Converse 4879 -0.044 Prelude 
4723 0.065 4858 -0.177 4837 0.140 Captain 4888 -0.044 Oscar 
4728 -O.IOI 4861 -0.017 4951 0.133 Converse 4793 -0.051 Jurist 
4729 -0.077 4865 -0.178 4874 0.123 Liberty 4675 -0.063 Holiday 
4731 -0.014 4871 -0.609 4778 0.100 Oscar 4765 -0.068 Oscar 
4732 0.286 4873 0.078 4698 0.094 Holiday 4729 -0.077 Mascot 
4736 -0.021 4874 0.123 4948 0.092 Liberty 4788 -0.082 Bellman 
4747 0.027 4877 0.090 4877 0.090 Prelude 4775 -0.093 Target 
4755 0.035 4879 -0.044 4721 0.081 Bellman 4843 -0.095 Oscar 
4756 -0.111 4882 0.387 4873 0.078 Liberty 4728 -0.101 Malachi 
4757 0.332 4883 -0.522 4723 0.065 Mascot 4836 -0.106 Oscar 
4765 -0.068 4887 -0.223 4786 0.063 Bellman 4756 -0.111 Choice 
4768 0.037 4888 -0.044 4797 0.061 Choice 4688 -0.113 Bellman 
4769 -0.007 4891 0.175 4676 0.053 Malachi 4821 -0.127 Choice 
4771 -0.344 4896 0.048 4665 0.050 Target 4692 -0.166 Stanley 
4775 -0.093 4898 0.002 4896 0.048 Choice 4858 -0.177 Spenccr 
4777 0.038 4937 0.595 4777 0.038 Target 4865 -0.178 Mackenzie 
4778 0.100 4941 -0.239 4768 0.037 Target 4887 -0.223 Dancer 
4785 -0.041 4942 -0.240 4755 0.035 Curious 4941 -0.239 Bellman 
4786 0.063 4946 0.347 4747 0.027 Festus 4942 -0.240 Mountain 
4788 -0.082 4947 0.198 4857 0.017 Glee 4771 -0.344 Choice 
4793 -0.051 4948 0.092 4898 0.002 Mountain 4883 -0.522 Prelude 
4796 0.319 4951 0.133 4826 0.001 Prelude 4871 -0,609 Dancer 
Table CI 1. Estimated breeding values (BV) for peripheral blood mononuclear cell count in week 2 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.005 4797 -0.010 4732 0.035 Liberty 4948 0.000 Liberty 
4675 0.009 4821 0.000 4832 0.030 Prelude 4888 -0.001 Oscar 
4676 0.000 4826 0.011 4882 0.029 Curious 4757 -0.002 Tesk 
4677 -0.005 4832 0.030 4873 0.028 Liberty 4723 -0.003 Mascot 
4688 -0.018 4836 -0.004 4937 0.022 Liberty 4793 -0.004 Jurist 
m.1 Q.ai7 4877 0.021 Prelude 4836 -0.004 Oscar 
d M S  -0M9 mb ).'fherty laigt) 
472 J -0.005 485? D.003 00^9 Cen\»jian 4677 -«.005 
4723 -0.003 4858 0.004 4837 0,017 Captain 4721 -0.005 Bellman 
4728 -0.022 4861 -0.011 4879 0.017 Prelude 4951 -0.006 Converse 
4729 0.009 4865 -0.006 4778 0.011 Oscar 4887 -0.006 Dancer 
4731 0.006 4871 -0.009 4826 0.011 Prelude 4865 -0.006 Mackenzie 
4732 0.035 4873 0.028 4729 0.009 Mascot 4756 -0.007 Choice 
4736 -0.023 4874 0.001 4675 0.009 Holiday 4775 -0.007 Target 
4747 0.004 4877 0.021 4883 0.008 Prelude 4692 -0.008 Stanley 
4755 0.007 4879 0.017 4755 0.007 Curious 4896 -0.009 Choice 
4756 -0.007 4882 0.029 4771 0.007 Choice 4891 -0.009 Converse 
4757 -0.002 4883 0.008 4785 0.007 Holiday 4843 -0.009 Oscar 
4765 -0.010 4887 -0.006 4947 0.006 Elvin 4871 -0.009 Dancer 
4768 0.006 4888 -0.001 4768 0.006 Target 4765 -0.010 Oscar 
4769 -0.005 4891 -0.009 4731 0.006 Kai 4797 -0.010 Choice 
4771 0.007 4896 -0.009 4665 0.005 Target 4861 -0.011 Malachi 
4775 -0.007 4898 -0.025 4698 0.005 Holiday 4786 -0,012 Bellman 
4777 0.001 4937 0.022 4747 0.004 Festus 4788 -0,016 Bellman 
4778 0.011 4941 -0.027 4858 0.004 Spencer 4688 -0.018 Bellman 
4785 0.007 4942 -0.030 4857 0.003 Glee 4728 -0.022 Malachi 
4786 -0.012 4946 0.021 4874 0.001 Liberty 4736 -0.023 Bellman 
4788 -0.016 4947 0.006 4777 0.001 Target 4898 -0.025 Mountain 
4793 -0.004 4948 0.000 4821 0.000 Choice 4941 -0.027 Bellman 
4796 0.019 4951 -0.006 4676 0.000 Malachi 4942 -0.030 Mountain 
Table CI 2. Estimated breeding values (BV) for spontaneous lymphocyte biastogenesis in week 2 of a gUicocorticoid-induced 
immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.085 4797 0.513 4775 0,561 Target 4728 -0,026 Malachi 
4675 0.000 4821 0.139 4797 0.513 Choice 4692 -0,032 Stanley 
4676 0.361 4826 -0.144 4941 0.390 Bellman 4865 -0.034 Mackenzie 
4677 -0.005 4832 -0.083 4676 0.361 Malachi 4898 -0,035 Mountain 
4688 -0.342 4836 -0.057 4771 0.340 Choice 4757 -0038 Tesk 
4692 -0.032 4837 0.295 4837 0,295 Captain 4796 -0,056 Centurian 
4698 0.021 4843 -0.084 4887 0,283 Dancer 4836 -0,057 Oscar 
4721 -0.213 4857 -0.063 4882 0,255 Curious 4857 -0,063 (Jlee 
4723 -0.128 4858 0.043 4896 0,255 Choice 4729 -0,065 Mascot 
4728 -0.026 4861 0.220 4861 0,220 Malachi 4942 -0,076 Mountain 
4729 -0,065 4865 -0.034 4755 0,208 Curious 4832 -0,083 Prelude 
4731 -0.165 487! -0.015 4769 0,192 Target 4843 -0,084 Oscar 
4732 0.100 4873 -0.145 4788 0,163 Bellman 4937 -0.099 l.iberty 
4736 -0.017 4874 0.027 4821 0,139 Choice 4777 -0,115 Target 
4747 -0.120 4877 0.065 4732 0,100 Liberty 4747 -0,120 Febtus 
4755 0.208 4879 -0.356 4891 0,095 Converse 4756 -0.124 Choice 
4756 -0.124 4882 0.255 4665 0,085 Target 4723 -0.128 Mascot 
4757 -0.038 4883 0,004 4947 0,082 lilvin 4888 -0,137 Oscar 
4765 -0.138 4887 0,283 4877 0,065 Prelude 4765 -0.138 Oscar 
4768 -0.373 4888 -0,137 4858 0,043 Spencer 4826 -0,144 Prelude 
4769 0.192 4891 0,095 4874 0,027 Liberty 4873 -0,145 Liberty 
4771 0.340 4896 0,255 4793 0,026 Jurist 4946 -0,151 Liberty 
4775 0.561 4898 -0,035 4698 0,021 Holiday 4731 -0,165 Kai 
4777 -0.115 4937 -0.099 4778 0,010 Oscar 4948 -0,196 l.iberty 
4778 0.010 4941 0,390 4786 0,008 Bellman 4721 -0,213 Bellman 
4785 -0,273 4942 -0,076 4883 0,004 Prelude 4785 -0.273 Holiday 
4786 0.008 4946 -0,151 4675 0,000 Holiday 4951 -0,292 Converse 
4788 0,163 4947 0,082 4677 -0,005 Holiday 4688 -0,342 Bellman 
4793 0,026 4948 -0,196 4871 -0,015 Dancer 4879 -0.356 Prelude 
4796 -0.056 4951 -0,292 4736 -0,017 Bellman 4768 -0.373 Target 
Table Ci3. Estiijiated breeding values (BV) for lymphocyte blastogenesis induced by concanavalin A in week 2 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 2, 3, 4, and 5 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.203 4797 0.239 4775 0.563 Target 4883 0.020 Prelude 
4675 0.009 4821 0.236 4736 0.400 Bellman 4732 0.019 Liberty 
4676 -0.152 4826 -0.181 4896 0.385 Choice 4675 0.009 Holiday 
4677 0.098 4832 -0,147 4747 0.313 Festus 4692 0.001 Stanley 
4688 -0.839 4836 -0.147 4871 0.299 Dancer 4757 -0.012 Tesk 
4692 0.001 4837 0.255 4771 0.287 Choice 4786 -0.020 Bellman 
4698 -0.112 4843 0.066 4796 0.281 Centurian 4765 -0.027 Oscar 
4721 -0.110 4857 -0.173 4837 0.255 Captain 4788 -0.027 Bellman 
4723 -0.230 4858 0.032 4797 0.239 Choice 4946 -0,028 i.iberty 
4728 -0.139 4861 0.072 4821 0.236 Choice 4941 -0,041 Bellman 
4729 -0.486 4865 0.168 4665 0.203 Target 4879 -0,093 Prelude 
4731 0.176 4871 0.299 4731 0.176 Kai 4721 -0.110 Bellman 
4732 0.019 4873 0.113 4865 0.168 Mackenzie 4698 -0.112 Holiday 
4736 0.400 4874 0.052 4769 0.163 Target 4728 -0.139 Malachi 
4747 0.313 4877 0.048 4793 0.147 Jurist 4882 -0.144 Curious 
4755 0.125 4879 -0.093 4777 0.126 Target 4836 -0.147 Oscar 
4756 0.095 4882 -0.144 4755 0.125 Curious 4832 -0.147 Prelude 
4757 -0.012 4883 0.020 4873 0.113 i.iberty 4778 -0.150 Oscar 
4765 -0.027 4887 0.059 4677 0,098 Holiday 4768 -0.151 Target 
4768 -0.151 4888 0.024 4756 0.095 Choice 4676 -0.152 Malachi 
4769 0.163 4891 -0.361 4937 0.084 Liberty 4898 -0.156 Mountain 
4771 0.287 4896 0.385 4861 0.072 Malachi 4857 -0.173 (jlee 
4775 0.563 4898 -0.156 4843 0.066 Oscar 4826 -0.181 Prelude 
4777 0.126 4937 0.084 4887 0.059 Dancer 4951 -0.203 Converse 
4778 -0.150 4941 -0.041 4942 0.055 Mountain 4723 -0.230 Mascot 
4785 -0.242 4942 0.055 4874 0.052 I.iberty 4785 -0.242 Holiday 
4786 -0.020 4946 -0.028 4948 0.052 Liberty 4891 -0.361 Converse 
4788 -0.027 4947 -0.708 4877 0.048 Prelude 4729 -0.486 Mascot 
4793 0.147 4948 0.052 4858 0.032 Spencer 4947 -0.708 HIvin 
4796 0.281 4951 -0.203 4888 0.024 Oscar 4688 -0.839 Bellman 
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APPENDIX D 
BREEDING VALUE ESTIMATES FOR IMMUNE RESPONSE TRAITS 
CONSIDERING DATA FROM WEEK 3 ONLY 
Table Dl. Estimated breeding values (BV) for antibody-dependent neutrophil cytotoxicity in week 3 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.015 4797 -0.002 4948 0.235 Liberty 4698 0.004 Holiday 
4675 -0.076 4821 -0.057 4882 0.215 Curious 4729 -0.001 Mascot 
4676 -0.002 4826 -0.035 4888 0.199 Oscar 4797 -0.002 Choice 
4677 -0.076 4832 -0.060 4941 0.147 Bellman 4676 -0.002 Malachi 
4688 -0.027 4836 0,025 4732 0.120 Liberty 4736 -0.003 Bellman 
4692 0.021 4837 0.016 4755 0.116 Curious 4728 -0.005 Malachi 
4698 0.004 4843 0.024 4946 0.110 Liberty 4793 -0.007 Jurist 
4721 0.057 4857 -0.122 4778 0.098 Oscar 4858 -0.008 Spencer 
4723 0.016 4858 -0.008 4891 0.094 Converse 4771 -0.010 Choice 
4728 -0.005 4861 0.022 4951 0.089 Converse 4865 -0.012 Mackenzie 
4729 -0.001 4865 -0.012 4896 0.074 Choice 4688 -0.027 Bellman 
473! -0.040 4871 -0.041 4721 0.057 Bellman 4883 -0.030 Prelude 
4732 0.120 4873 -0.075 4769 0.053 Target 4826 -0.035 Prelude 
4736 -0.003 4874 -0.071 4768 0.044 Target 4785 -0.036 Holiday 
4747 -0.062 4877 -0.335 4947 0.042 Llvin 4731 -0.040 Kai 
4755 0.116 4879 -0.280 4786 0.038 Bellman 4871 -0,041 Dancer 
4756 -0.096 4882 0.215 4765 0.029 Oscar 4942 -0.045 Mountain 
4757 0.023 4883 -0.030 4836 0.025 Oscar 4821 -0.057 Choice 
4765 0.029 4887 -0.124 4843 0.024 Oscar 4832 -0,060 Prelude 
4768 0.044 4888 0.199 4757 0.023 Tesk 4747 -0,062 Testus 
4769 0.053 4891 0.094 4861 0.022 Malachi 4796 -0,068 Centurian 
4771 -0.010 4896 0.074 4775 0.022 Target 4874 -0.071 Liberty 
4775 0.022 4898 0.021 4692 0.021 Stanley 4873 -0.075 Liberty 
4777 0.014 4937 0.013 4898 0.021 Mountain 4677 -0.076 Holiday 
4778 0.098 4941 0.147 4788 0.020 Bellman 4675 -0.076 Holiday 
4785 -0.036 4942 -0.045 4723 0.016 Mascot 4756 -0.096 Choice 
4786 0.038 4946 0.110 4837 0.016 Captain 4857 -0.122 Glee 
4788 0.020 4947 0.042 4665 0.015 Target 4887 -0.124 Dancer 
4793 -0.007 4948 0.235 4777 0.014 Target 4879 -0,280 Prelude 
4796 -0.068 4951 0.089 4937 0.013 Liberty 4877 -0,335 Prelude 
Table D2. Estimated breeding values (BV) for antibody-independent neutrophil cytotoxicity in week 3 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dexaniethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.130 4797 0.279 4888 0.821 Oscar 4736 0.002 Bellman 
4675 0.187 4821 -0.186 4882 0.772 Curious 4857 -0.030 Glee 
4676 -0.370 4826 -0.152 4732 0.409 Liberty 4771 -0.038 Choice 
4677 -0.430 4832 0.162 4778 0.382 Oscar 4769 -0.055 Target 
4688 -0.243 4836 0.275 4837 0.378 Captain 4728 -0.069 Malachi 
4692 0.026 4837 0.378 4755 0.359 Curious 4731 -0.069 Kai 
4698 0.226 4843 0.124 4896 0,342 Choice 4775 -0.076 Target 
4721 0.309 4857 -0.030 4721 0.309 Bellman 4757 -0.079 Tesk 
4723 -0.139 4858 -0.261 4797 0.279 Choice 4723 -0,139 Mascot 
4728 -0.069 4861 0.005 4836 0.275 Oscar 4887 -0.149 Dancer 
4729 0.231 4865 -0.331 4937 0.272 Liberty 4826 -0.152 Prelude 
4731 -0.069 4871 0.009 4948 0.266 Liberty 4777 -0.153 Target 
4732 0.409 4873 -0.225 4951 0.265 Converse 4874 -0.153 Liberty 
4736 0.002 4874 -0.153 4729 0.231 Mascot 4821 -0.186 Choice 
4747 0.017 4877 -0267 4698 0.226 Holiday 4946 -0.205 Liberty 
4755 0.359 4879 -0.341 4768 0.218 Target 4873 -0.225 Liberty 
4756 -0.320 4882 0.772 4675 0.187 Holiday 4942 -0.234 Mountain 
4757 -0.079 4883 0.062 4832 0.162 Prelude 4688 -0.243 Bellman 
4765 0.079 4887 -0.149 4788 0.138 Bellman 4786 -0.249 Bellman 
4768 0.218 4888 0.821 4665 0.130 Target 4796 -0.251 Centurian 
4769 -0.055 4891 0.113 4843 0.124 Oscar 4898 -0.258 Mountain 
4771 -0.038 4896 0.342 4891 0.113 Converse 4858 -0.261 Spencer 
4775 -0.076 4898 -0.258 4765 0.079 Oscar 4941 -0.263 Bellman 
4777 -0.153 4937 0.272 4883 0.062 Prelude 4877 -0.267 Prelude 
4778 0.382 4941 -0.263 4692 0.026 Stanley 4793 -0.306 Jurist 
4785 0.013 4942 -0.234 4747 0.017 Festus 4756 -0.320 Choice 
4786 -0.249 4946 -0.205 4785 0.013 Holiday 4865 -0.331 Mackenzie 
4788 0.138 4947 0.008 4871 0.009 Dancer 4879 -0.341 Prelude 
4793 -0.306 4948 0.266 4947 0.008 LIvin 4676 -0.370 Malachi 
4796 -0.251 4951 0.265 4861 0.005 Malachi 4677 -0.430 Holiday 
Table D3. Estimated breeding values (BV) for neutrophil bactericidal activity measured with a colorimetric assay in week 3 of a 
glucocorticoid-induced immunosuppression model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and 
were used within a single-trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) 
from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.006 4797 0.001 4826 0.072 Prelude 4877 0.002 Prelude 
4675 -0.002 4821 -0.014 4769 0.037 Target 4797 0.001 Choice 
4676 0.006 4826 0.072 4729 0.034 Mascot 4736 -0,001 Bellman 
4677 -0.007 4832 0.022 4879 0.032 Prelude 4888 -0.001 Oscar 
4688 0.007 4836 -0.041 4768 0.028 Target 4675 -0,002 Holiday 
4692 -0.010 4837 -0.057 4882 0.027 Curious 4951 -0,003 Converse 
4698 -0.004 4843 0.019 4755 0.024 Curious 4698 -0,004 Holiday 
4721 0.011 4857 -0.018 4796 0.023 Centurian 4891 -0.004 Converse 
4723 0.010 4858 0.002 4832 0.022 Prelude 4785 -0.004 Holiday 
4728 0.014 4861 0.011 4788 0.021 Bellman 4898 -0.004 Mountain 
4729 0.034 4865 0.002 4731 0.019 Kai 4941 -0 006 Bellman 
4731 0.019 4871 -0.016 4843 0.019 Oscar 4942 -0.006 Mountain 
4732 0.008 4873 0.003 4778 0.016 Oscar 4665 -0.006 Target 
4736 -0.001 4874 0.016 4874 0.016 Liberty 4757 -0.007 Tesk 
4747 -0.035 4877 0.002 4728 0.014 Ma lac hi 4677 -0.007 Holiday 
4755 0.024 4879 0.032 4883 0.014 Prelude 4756 -0.008 Choice 
4756 -0.008 4882 0.027 4777 0.012 Target 4887 -0.009 Dancer 
4757 -0.007 4883 0.014 4937 0.012 Liberty 4771 -0.009 Choice 
4765 0.004 4887 -0.009 4861 0.011 Malachi 4692 -0.010 Stanley 
4768 0.028 4888 -0.001 4721 0,011 Bellman 4896 -0.014 Choice 
4769 0.037 4891 -0.004 4723 0.010 Mascot 4821 -0.014 Choice 
4771 -0,009 4896 -0.014 4948 0.009 Liberty 4871 -0.016 Dancer 
4775 -0.049 4898 0.004 4732 0.008 Liberty 4947 -0.017 lilvin 
4777 0.012 4937 0.012 4946 0.008 Liberty 4857 -0.018 (ilee 
4778 0.016 4941 -0.006 4688 0.007 Bellman 4786 -0.023 Bellman 
4785 -0.004 4942 -0.006 4676 0.006 Malachi 4747 -0.035 1-est us 
4786 -0.023 4946 0.008 4765 0.004 Oscar 4836 -0.041 Oscar 
4788 0.021 4947 -0.017 4873 0.003 Liberty 4775 -0.049 Target 
4793 -0.060 4948 0.009 4865 0.002 Mackenzie 4837 -0.057 Captain 
4796 0.023 4951 -0.003 4858 0.002 Spencer 4793 -0.060 Jurist 
Table D4. Estimated breeding values (BV) for neutrophil iodinatiofi in week 3 ofa glncocorticoid-induced immunosuppression model. Data 
were collected on days 9, 10, and 11 (first dexamethasone injection day 0) and were used within a single-trait animal model for breeding 
value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull 
>
 Bull BV Sire Bull BV Sire 
4665 0.159 4797 0.105 4775 0,216 Target 4796 0.001 Centurian 
4675 0.034 4821 -0.028 4786 0,163 Bellman 4756 0.001 Choice 
4676 0.005 4826 -0.001 4665 0,159 Target 4883 0,001 Prelude 
4677 -0.083 4832 0.019 4843 0.135 Oscar 4826 -0.001 Prelude 
4688 -0.069 4836 -0.013 4729 0.130 Mascot 4937 -0,003 Liberty 
4692 -0.025 4837 -0.029 4769 0.116 Target 4836 -0,013 Oscar 
4698 0.075 4843 0.135 4768 0.116 Target 4942 -0.019 Mountain 
4721 0.037 4857 -0,101 4765 0.112 Oscar 4951 -0.022 Converse 
4723 0.006 4858 0.071 4797 0.105 Choice 4788 -0.023 Bellman 
4728 -0.025 4861 0.090 4861 0.090 Malachi 4755 -0.024 Curious 
4729 0.130 4865 -0.029 4888 0,085 Oscar 4728 -0.025 Malachi 
4731 -0.026 4871 -0.076 4698 0,075 Holiday 4692 -0.025 Stanley 
4732 0.064 4873 0.050 4858 0,071 Spencer 4731 -0.026 Kai 
4736 -0.144 4874 0.008 4777 0,067 Target 4946 -0.027 iJberty 
4747 -0.164 4877 -0.028 4732 0,064 Liberty 4821 -0.028 Choice 
4755 -0.024 4879 -0.042 4771 0,063 Choice 4877 -0,028 Prelude 
4756 0.001 4882 0.033 4941 0.053 Bellman 4865 -0,029 Mackenzie 
4757 -0.188 4883 0.001 4873 0.050 1 jberty 4837 -0,029 C'aptain 
4765 0.112 4887 -0.066 4778 0.049 Oscar 4948 -0,t)33 Liberty 
4768 0.116 4888 0.085 48«J8 0.045 Mountain 4879 -0,042 Prelude 
4769 0.116 4891 0.029 4721 0.037 Bellman 4947 -0,050 l-lvin 
477! 0.063 4896 0.024 4675 0.034 Holiday 4793 -0,050 Jurist 
4775 0.216 4898 0,045 4882 0.033 Curious 4887 -0,066 Dancer 
4777 0.067 4937 -0,003 4891 0.029 Converse 4688 -0,069 Bellman 
4778 0.049 4941 0,053 4896 0.024 Choice 4871 -0.076 Dancer 
4785 0.010 4942 -0.019 4832 0.019 Prelude 4677 -0.083 Holiday 
4786 0.163 4946 -0,027 4785 0.010 Holiday 4857 -0.101 Glee 
4788 -0.023 4947 -0.050 4874 0.008 Liberty 4736 -0.144 Bellman 
4793 -0.050 4948 -0.033 4723 0.006 Mascot 4747 -0.164 T est us 
4796 0.001 4951 -0.022 4676 0.005 Malachi 4757 -0.188 Tesk 
I 
Table D5. Estimated breeding values (BV) for cytochrome c reduction by resting neutrophils in week 3 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Dull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.081 4797 0.029 4775 0.082 Target 4728 0.001 Malachi 
4675 0.023 4821 0.008 4665 0.081 Target 4888 0.001 Oscar 
4676 0.009 4826 -0.025 4777 0.067 Target 4861 0.000 Malachi 
4677 -0.018 4832 -0.004 4941 0.067 Bellman 4832 -0.004 Prelude 
4688 0.006 4836 -0.024 4768 0.056 Target 4871 -0.010 Dancer 
4692 0.002 4837 0.017 4877 0.052 Prelude 4898 -0.011 Mountain 
4698 -0.035 4843 0.032 4731 0.046 Kai 4786 -0.011 Bellman 
4721 -0.024 4857 0,008 4756 0.035 Choice 4793 -0.013 Jurist 
4723 -0.037 4858 0.005 4843 0.032 Oscar 4937 -0.016 I.iberty 
4728 0.001 4861 0.000 4771 0.030 Choice 4879 -0.018 Prelude 
4729 0.003 4865 -0.022 4797 0.029 Choice 4677 -0.018 Holiday 
4731 0.046 4871 -0.010 4951 0.029 Converse 4785 -0.019 Holiday 
4732 -0.037 4873 0.016 4757 0.026 Tesk 4755 -0.022 Curious 
4736 -0.023 4874 0.004 4675 0.023 Holiday 4865 -0.022 Mackenzie 
4747 -0.073 4877 0.052 4837 0.017 Captain 4736 -0.023 Bellman 
4755 -0.022 4879 -0.018 4947 0.016 Elvin 4721 -0.024 Bellman 
4756 0.035 4882 -0.064 4873 0.016 Liberty 4836 -0.024 Oscar 
4757 0.026 4883 -0.030 4765 0.012 Oscar 4826 -0.025 Prelude 
4765 0.012 4887 -0.035 4769 0.009 Target 4891 -0.025 Converse 
4768 0.056 4888 0.001 4788 0.009 Bellman 4778 -0.030 Oscar 
4769 0.009 4891 -0.025 4676 0.009 Malachi 4883 -0.030 Prelude 
4771 0.030 4896 0.001 4857 0.008 (jlee 4946 -0.034 Liberty 
4775 0.082 4898 -0.011 4821 0.008 Choice 4887 -0.035 Dancer 
4777 0.067 4937 -0.016 4688 0.006 Bellman 4698 -0.035 Holiday 
4778 -0.030 4941 0.067 4858 0.005 Spencer 4723 -0.037 Mascot 
4785 -0.019 4942 -0.050 4796 0.005 Centurian 4732 -0.037 Liberty 
4786 -0.011 4946 -0.034 4874 0.004 Liberty 4948 -0.038 I.iberty 
4788 0.009 4947 0.016 4729 0.003 Mascot 4942 -0.050 Mountain 
4793 -0.013 4948 -0.038 4692 0.002 Stanley 4882 -0.064 Curious 
4796 0.005 4951 0.029 4896 0.001 Choice 4747 -0.073 Festus 
Table D6. Estimated breeding values (BV) for cytochrome c reduction by stimulated neutrophils in week 3 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.015 4797 0.027 4947 0.109 niviii 4898 0.005 Mountain 
4675 0.030 4821 -0.002 4873 0.083 Liberty 4832 0.003 Prelude 
4676 0.008 4826 -0.013 4888 0.076 Oscar 4721 0.002 Bellman 
4677 -0.023 4832 0.003 4768 0.057 Target 4858 -0.001 Spencer 
4688 -0.006 4836 -0.005 4731 0.054 Kai 4821 -0,002 Choice 
4692 -0.037 4837 -0.006 4771 0.053 Choice 4788 -0.003 Bellman 
4698 -0.024 4843 0.036 4951 0,049 Converse 4836 -0.005 Oscar 
4721 0.002 4857 -0.063 4769 0.047 farget 4883 -0,005 Prelude 
4723 -0.011 4858 -0.001 4877 0.046 Prelude 4688 -0.006 Bellman 
4728 0.006 4861 0.009 4757 0.041 Tesk 4837 -0.006 Captain 
4729 -0.022 4865 -0.029 4756 0.039 Choice 4775 -0,008 Target 
4731 0.054 4871 -0.063 4785 0.038 Holiday 4723 -0,011 Mascot 
4732 0.033 4873 0.083 4843 0.036 Oscar 4891 -0,011 Converse 
4736 -0.081 4874 0.022 4732 0.033 Liberty 4826 -0.013 Prelude 
4747 -0.038 4877 0.046 4675 0.030 Holiday 4729 -0.022 Mascot 
4755 0.006 4879 -0.029 4937 0.030 Liberty 4677 -0.023 Holiday 
4756 0.039 4882 0.009 4765 0.029 Oscar 4698 -0.024 Holiday 
4757 0.041 4883 -0.005 4797 0.027 Choice 4879 -0.029 Prelude 
4765 0.029 4887 -0.087 4896 0.027 Choice 4865 -0.029 Mackenzie 
4768 0.057 4888 0.076 4946 0.024 Liberty 4692 -0,037 Stanley 
4769 0.047 4891 -0.011 4778 0.023 Oscar 4747 -0.038 Festus 
4771 0.053 4896 0.027 4948 0.023 Liberty 4942 -0.039 Mountain 
4775 -0.008 4898 0.005 4874 0.022 Liberty 4796 -0.045 Centurian 
4777 0.015 4937 0.030 4665 0.015 I'arget 4857 -0,063 Glee 
4778 0.023 4941 -0.097 4777 0.015 Target 4871 -0,063 Dancer 
4785 0.038 4942 -0.039 4882 0.009 Curious 4736 -0,081 Bellman 
4786 -0.129 4946 0.024 4861 0.009 Malachi 4887 -0,087 Dancer 
4788 -0.003 4947 0.109 4676 0.008 Malaclii 4941 -0.097 Bellman 
4793 -0.110 4948 0.023 4728 0.006 Malachi 4793 -0.110 Jurist 
4796 -0.045 4951 0.049 4755 0.006 Curious 4786 -0.129 Bellman 
Table 07. tslimatcd breeding values (BV) for native chemilumincscence in week 3 of a glucocorticoid-inciuced immunosuppression model. 
Data were collected on days 9, 10, and 11 (first dexametliasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.019 4797 0.001 4898 0.138 Mountain 4793 0.000 Jurist 
4675 0.003 4821 -0.027 4896 0.103 Choice 4723 -0.002 Mascot 
4676 0.062 4826 0.036 4888 0.102 Oscar 4883 -0.008 Prelude 
4677 -0.020 4832 0.059 4728 0.076 Malachi 4775 -0.009 Target 
4688 0.000 4836 0.031 4729 0.075 Mascot 4698 -0.010 Holiday 
4692 -0.012 4837 0.024 4771 0.070 Choice 4692 -0,012 Stanley 
4698 -0.010 4843 0.046 4732 0.062 Liberty 4788 -0.014 Bellman 
4721 0.041 4857 -0.057 4676 0.062 Malachi 4874 -0.015 Liberty 
4723 -0.002 4858 -0.018 4832 0.059 Prelude 4882 -0.016 Curious 
4728 0.076 4861 0.050 4778 0.058 Oscar 4858 -0.018 Spencer 
4729 0.075 4865 -0.064 4873 0.057 I.iberty 4665 -0.019 Target 
4731 0.023 4871 -0.098 4937 0.051 Liberty 4677 -0.020 Holiday 
4732 0.062 4873 0.057 4861 0.050 Malachi 4948 -0.025 Liberty 
4736 -0.155 4874 -0.015 4843 0.046 Oscar 4887 -0.027 Dancer 
4747 -0.055 4877 0.0 II 4721 0.04) Bellman 482) -0,027 Choice 
4755 -0.066 4879 -0.042 4786 0.039 Bellman 4947 -0.031 RIvin 
4756 -0.054 4882 -0.016 4826 0.036 Prelude 494) -0.034 Bellman 
4757 -0.103 4883 -0.008 4769 0.032 Target 4777 -0.036 Target 
4765 0.025 4887 -0.027 4942 0.032 Mountain 4768 -0,040 Target 
4768 -0.040 4888 0.102 4836 0.031 Oscar 4785 -0,041 Holiday 
4769 0.032 4891 0.001 4765 0.025 Oscar 4879 -0.042 Prelude 
4771 0.070 4896 0.103 4837 0.024 Captain 4796 -0.049 Centurian 
4775 -0.009 4898 0.138 4951 0.024 Converse 4756 -0.054 Choice 
4777 -0.036 4937 0.051 4731 0.023 Kai 4747 -0.055 Festus 
4778 0.058 4941 -0,034 4877 0.011 Prelude 4857 -0.057 Glee 
4785 -0.041 4942 0.032 4946 0.005 Liberty 4865 -0.064 Mackenzie 
4786 0.039 4946 0.005 4675 0.003 Holiday 4755 -0.066 Curious 
4788 -0.014 4947 -0.031 4797 0.001 Choice 4871 -0.098 Dancer 
4793 0.000 4948 -0.025 4891 0.001 Converse 4757 -0.103 Tesk 
4796 -0.049 4951 0.024 4688 0.000 Bellman 4736 -0.155 Bellman 
Table D8. Estimated breeding values (BV) for ingestion of opsonized Slaphylococctis aureus in week 3 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number 
Bull BV Bull BV Bull BV 
Bulls sorted by breeding value 
Sire Bull BV Sire 
4665 -0.090 4797 0.003 4755 0.124 Curious 4837 0.009 Captain 
4675 t o
 
o
 
4821 -0.018 4677 0.107 Holiday 4873 0.003 Liberty 
4676 -0.077 4826 0.098 4826 0.098 Prelude 4797 0.003 Choice 
4677 0.107 4832 0.061 4778 0.096 Oscar 4937 0,000 Liberty 
4688 -0.130 4836 0.040 4747 0.090 Festus 4879 -0,008 Prelude 
4692 -0.163 4837 0.009 4698 0.069 Holiday 4756 -0,013 Choice 
4698 0.069 4843 0.029 4948 0.066 Liberty 4941 -0,015 Bellman 
4721 0.052 4857 -0,046 4832 0.061 Prelude 4769 -0,015 Target 
4723 -0.026 4858 -0.025 4732 0.057 l.iberty 4729 -0,017 Mascot 
4728 0.017 4861 0.050 4721 0.052 Bellman 4821 -0,018 Choice 
4729 -0.017 4865 0.029 4861 0.050 Malachi 4871 -0,021 Dancer 
4731 -0,040 4871 -0.021 4736 0.049 Bellman 4785 -0,023 Holiday 
4732 0.057 4873 0.003 4882 0.048 Curious 4858 -0,025 Spencer 
4736 0.049 4874 -0.027 4836 0.040 Oscar 4723 -0.026 Mascot 
4747 0.090 4877 -0.033 4887 0,040 Dancer 4874 -0,027 Liberty 
4755 0.124 4879 -0.008 4883 0,040 Prelude 4877 -0.033 Prelude 
4756 -0.013 4882 0.048 4898 0.038 Mountain 4788 -0,036 Bellman 
4757 -0.079 4883 0.040 4771 0.038 Choice 4731 -0,040 Kai 
4765 -0.070 4887 0.040 4888 0.031 Oscar 4857 -0,046 (ilee 
4768 -0.047 4888 0.031 4843 0.029 Oscar 4768 -0,047 Target 
4769 -0.015 4891 0.010 4865 0,029 Mackenzie 4675 -0,051 Holiday 
4771 0.038 4896 0.010 4796 0.022 Centurian 4765 -0,070 Oscar 
4775 -0.137 4898 0.038 4728 0.017 Malachi 4676 -0,077 Malachi 
4777 -0.080 4937 0.000 4947 0.015 IZlvin 4757 -0,079 Tesk 
4778 0.096 4941 -0.015 4786 0.013 Bellman 4777 -0,080 Target 
4785 -0.023 4942 0.011 4951 0.013 Converse 4793 -0.088 Jurist 
4786 0.013 4946 0,010 4942 0.011 Mountain 4665 -0,090 Target 
4788 -0.036 4947 0,015 4896 0.010 Choice 4688 -0,130 Bellman 
4793 -0.088 4948 0.066 4891 0.010 Converse 4775 -0,137 Target 
4796 0.022 4951 0.013 4946 0.010 Liberty 4692 -0,163 Stanley 
Table D9. Estimated breeding values (BV) for neutrophil directed migration in week 3 ofa glucocorticoid-induced immunosuppression model. 
Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value ~ ——— 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.009 4797 -0.017 4857 0,027 Glee 4698 0,000 Holiday 
4675 -0.004 4821 -0.002 4888 0,026 Oscar 4883 0,000 Prelude 
4676 0.004 4826 -0.006 4836 0,020 Oscar 4896 -0.001 Choice 
4677 0.002 4832 -0.007 4778 0.017 Oscar 4942 -0,002 Mountain 
4688 -0.007 4836 0.020 4785 0.017 Holiday 4821 -0.002 Choice 
4692 0.012 4837 0.009 4731 0.016 Kai 4675 -0.004 F/oliday 
4698 0.000 4843 0,010 4747 0.015 Festus 4768 -0,004 Target 
4721 -0.004 4857 0.027 4865 0.014 Mackenzie 4721 -0,004 Bellman 
4723 0.004 4858 -0.010 4891 0.013 Converse 4736 -0004 Bellman 
4728 -0.008 4861 0.005 4692 0.012 Stanley 4947 -0,005 Elvin 
4729 0.005 4865 0.014 4755 0.011 Curious 4826 -0,006 Prelude 
4731 0.0)6 4871 -0,008 4873 0.011 Liberty 4832 -0.007 Prelude 
4732 0.005 4873 0.011 4843 0.010 Oscar 4946 -0.007 l.iberty 
4736 -0.004 4874 -0,008 4765 0.010 Oscar 4937 -0.007 Liberty 
4747 0.015 4877 -0.011 4837 0.009 Captain 4688 -0.007 Bellman 
4755 0.011 4879 -0.011 4882 0.007 Curious 4871 -0.008 Dancer 
4756 0.004 4882 0.007 4729 0,005 Mascot 4874 -0,008 Liberty 
4757 0.005 4883 0.000 4732 0.005 Liberty 4728 -0,008 Malachi 
4765 0.010 4887 0.002 4861 0.005 Malachi 4665 -0,009 Target 
4768 -0.004 4888 0.026 4757 0.005 Tesk 4858 -0,010 Spencer 
4769 0.003 4891 0,013 4941 0.004 Bellman 4879 -0,011 Prelude 
4771 -0.014 4896 -0.001 4676 0.004 Malachi 4877 -0,011 Prelude 
4775 -0.019 4898 -0.019 4756 0.004 Choice 4951 -0,012 Converse 
4777 -0.023 4937 -0.007 4723 0.004 Mascot 4771 -0.014 Choice 
4778 0.017 4941 0.004 4948 0.004 Liberty 4793 -0.015 Jurist 
4785 0.017 4942 -0.002 4769 0.003 Target 4797 -0.017 Choice 
4786 -0.019 4946 -0.007 4677 0.002 Holiday 4786 -0.019 Bellman 
4788 0.001 4947 -0.005 4796 0,002 Centurian 4775 -0,019 Target 
4793 -0.015 4948 0.004 4887 0.002 Dancer 4898 -0,019 Mountain 
4796 0.002 4951 -0.012 4788 0.001 Bellman 4777 -0,023 Target 
Table DIO, [Estimated breeding values (IW) for peripheral blood neutrophil count in week 3 of a glucocorticoid-induced immunosuppression 
model. Data were collected on days 9, 10, and 11 (first dexametliasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.045 4797 -0.015 4729 0.292 Mascot 4873 "0.002 Liberty 
4675 0.010 4821 -0.066 4888 0.259 Oscar 4756 -0.001 Choice 
4676 0.106 4826 -0.077 4857 0.236 Glee 4747 -0.007 l-estus 
4677 -0.111 4832 0.065 4946 0.196 Liberty 4775 -0.010 Target 
4688 -0.076 4836 -0.016 4937 0.173 l.lbeily 4769 -0.014 Target 
4692 0.003 4837 0.089 4896 0.155 Choice 4797 -0.015 Choice 
4698 0.034 4843 -0.108 4757 0.154 Tesk 4836 -0.016 Oscar 
4721 0.108 4857 0,236 4777 0.146 Target 4768 -0.018 Target 
4723 -0.029 4858 -0.197 4882 0.117 Curious 4723 -0.029 Mascot 
4728 -0.089 4861 -0,091 4721 0.108 Bellman 4793 -0.030 Jurist 
4729 0.292 4865 -0,157 4883 0.108 Prelude 4898 -0.062 Mountain 
4731 0.024 4871 -0.083 4676 0.106 Malachi 4821 -0.066 Choice 
4732 0.038 4873 0.002 4837 0.089 Captain 4688 -0.076 Bellman 
4736 -0.153 4874 0.004 4788 0.088 Bellman 4826 -0.077 F'relude 
4747 -0.007 4877 0.016 4785 0.083 Holiday 4796 -0.081 Centurian 
4755 0.043 4879 0.009 4832 0.065 Prelude 4786 -0.082 Bellman 
4756 -0.001 4882 0.117 4765 0,060 Oscar 4871 -0,083 Dancer 
4757 0.154 4883 0.108 4665 0.045 Target 4951 -0,088 Converse 
4765 0.060 4887 -0.164 4755 0,043 Curious 4942 -0.088 Mountain 
4768 -0.018 4888 0.259 4732 0,038 Liberty 4728 -0.089 Malachi 
4769 -0.014 4891 -0.137 4698 0,034 Holiday 4861 -0.091 Malachi 
4771 0.018 4896 0.155 4731 0.024 Kai 4843 -0,108 Oscar 
4775 -0.010 4898 -0.062 4948 0.021 Libeily 4677 -0,111 Holiday 
4777 0.146 4937 0.173 4771 0.018 Choice 4778 -0,130 Oscar 
4778 -0.130 4941 -0.173 4877 0.016 Prelude 4891 -0,137 Converse 
4785 0.083 4942 -0.088 4947 0.015 lilvin 4736 -0.153 Bellman 
4786 -0.082 4946 0.196 4675 0.010 Holiday 4865 -0.157 Mackenzie 
4788 0.088 4947 0.015 4879 0.009 Prelude 4887 -0,164 Dancer 
4793 -0.030 4948 0.021 4874 0.004 Liberty 4941 -0,173 Bellman 
4796 -0.081 4951 -0.088 4692 0.003 Stanley 4858 -0,197 Spencer 
Table Dl I. Estimated breeding values (IW) for peripheral blood eosinophil count in week 3 of a glucocorticoid-induced immunosuppression 
model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-trait animal model for 
breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.027 4797 -0.086 4731 0.139 Kai 4887 -0.001 Dancer 
4675 0.010 4821 0.036 4723 0.097 Mascot 4793 -0.002 Jurist 
4676 0.005 4826 -0.020 4879 0.077 Prelude 4948 -0.004 I jberty 
4677 -0.067 4832 0.000 4775 0.063 Target 4747 -0.007 Festus 
4688 -0.023 4836 -0.068 4837 0.054 Captain 4896 -0.007 Choice 
4692 -0.064 4837 0.054 4728 0.050 Malachi 4888 -0.011 Oscar 
4698 0.020 4843 0.036 4796 0.050 Centurian 4778 -0.017 Oscar 
4721 -0.065 4857 0.022 4777 0.048 Target 4942 -0.019 Mountain 
4723 0.097 4858 -0.051 4768 0.038 Target 4826 -0.020 Prelude 
4728 0.050 4861 0.036 4821 0.036 Choice 4732 -0.021 Liberty 
4729 0.018 4865 0.018 4861 0.036 Malachi 4755 -0.021 Curious 
4731 0.139 4871 0.035 4843 0.036 Oscar 4891 -0.022 Converse 
4732 -0.021 4873 -0.081 4871 0.035 Dancer 4688 -0.023 Bellman 
4736 -0.025 4874 -0.038 4756 0.027 Choice 4736 -0.025 Bellman 
4747 -0.007 4877 0.018 4665 0.027 Target 4898 -0.029 Mountain 
4755 -0.021 4879 0.077 4785 0.027 Holiday 4765 -0.031 Oscar 
4756 0.027 4882 0.021 4941 0,025 Bellman 4786 -0.036 Bellman 
4757 0.007 4883 -0.100 4857 0.022 Glee 4951 -0.036 Converse 
4765 -0.031 4887 -0.001 4882 0.021 Curious 4874 -0.038 Liberty 
4768 0.038 4888 -0.011 4698 0.020 Holiday 4858 -0.051 Spencer 
4769 0.012 4891 -0.022 4729 0.018 Mascot 4771 -0.053 Choice 
4771 -0.053 4896 -0.007 4877 0.018 Prelude 4692 -0.064 Stanley 
4775 0.063 4898 -0.029 4865 0.018 Mackenzie 4721 -0,065 Bellman 
4777 0.048 4937 -0.087 4769 0.012 Target 4677 -0.067 Holiday 
4778 -0.017 4941 0.025 4675 0.010 Holiday 4836 -0,068 Oscar 
4785 0.027 4942 -0.019 4947 0.009 Elvin 4873 -0,081 Liberty 
4786 -0.036 4946 -0.099 4757 0.007 Tesk 4797 -0,086 Choice 
4788 -0.001 4947 0.009 4676 0.005 Malachi 4937 -0,087 l.iberty 
4793 -0.002 4948 -0.004 4832 0.000 Prelude 4946 -0,099 Liberty 
4796 0.050 4951 -0.036 4788 -0.001 Bellman 4883 -0,100 Prelude 
Table DI2. Estimaled breeding values (BV) for peripheral blood mononuclear cell count in week 3 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bill! BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.000 4797 0.005 4937 0,199 Liberty 4756 -0,002 Choice 
4675 -0.010 4821 -0,052 4873 0,196 Liberty 4675 -0.010 Moliday 
4676 0,164 4826 0,021 4676 0.164 Malachi 4755 -0.010 Curious 
4677 -0,098 4832 0,137 4837 0.153 Captain 4896 -0.011 Choice 
4688 -0,022 4836 0,005 4832 0.137 Prelude 4947 -0,017 f-lvin 
4692 -0,058 4837 0,153 4946 0.108 Liberty 4688 -0.022 Bellman 
4698 0,007 4843 -0.045 4948 0.080 Liberty 4942 -0.023 Mountain 
4721 0,044 4857 0.059 4882 0.073 Curious 4874 -0,027 Liberty 
4723 -0.094 4858 -0.041 4731 0.073 Kai 4858 -0,041 Spencer 
4728 -0.058 4861 0.037 4732 0.068 Liberty 4843 -0.045 Oscar 
4729 -0.100 4865 0.014 4747 0.063 l-estus 4821 -0,052 Choice 
4731 0.073 4871 -0.110 4796 0.062 Cenlurian 4777 -0.052 Target 
4732 0.068 4873 0,196 4857 0.059 (ilee 4728 -0,058 Malachi 
4736 -0.076 4874 -0,027 4721 0,044 Bellman 4692 -0,058 Stanley 
4747 0,063 4877 0,040 4877 0,040 Prelude 4775 -0.062 Target 
4755 -0,010 4879 0.021 4861 0,037 Malachi 4765 -0.062 Oscar 
4756 -0,002 4882 0,073 4769 0,022 Target 4891 -0.064 Converse 
4757 0,000 4883 0,020 4879 0,021 Prelude 4941 -0.067 Bellman 
4765 -0,062 4887 -0,082 4826 0,021 Prelude 4788 -0.070 Bellman 
4768 -0,074 4888 -0,072 4771 0,020 Choice 4888 -0,072 Oscar 
4769 0.022 4891 -0,064 4883 0,020 Prelude 4768 -0.074 Target 
4771 0.020 4896 -0,011 4778 0,018 Oscar 4736 -0.076 Bellman 
4775 -0.062 4898 -0,083 4865 0,014 Mackenzie 4887 -0.082 Dancer 
4777 -0.052 4937 0.199 4698 0,007 Holiday 4898 -0.083 Mountain 
4778 0.018 4941 -0,067 4786 0,006 Bellman 4723 -0.094 Mascot 
4785 -0,131 4942 -0,023 4797 0.005 Choice 4677 -0.098 Holiday 
4786 0.006 4946 0,108 4836 0,005 Oscar 4729 -0.100 Mascot 
4788 -0,070 4947 -0,017 4951 0.003 Converse 4793 -0.107 Jurist 
4793 -0.107 4948 0.080 4665 0,000 Target 4871 -0.110 Dancer 
4796 0.062 4951 0,003 4757 0,000 Tesk 4785 -0.131 Holiday 
Table DI3. Estimated breeding values (BV) for spontaneous lymphocyte blastogenesis in week 3 of a giucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dexamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 -0.085 4797 0.171 4941 0,526 Bellman 4946 -0.040 Liberty 
4675 -0.106 4821 0.128 4942 0,443 Mountain 4857 -0.051 Glee 
4676 0,351 4826 -0.142 4736 0,422 Bellman 4732 -0.053 Liberty 
4677 -0.106 4832 -0.143 4676 0,351 Malachi 4723 -0.072 Mascot 
4688 0.263 4836 -0.035 4757 0,348 Tesk 4898 -0.076 Mountain 
4692 0.032 4837 0,235 4698 0,346 Holiday 4665 -0,085 Target 
4698 0.346 4843 -0,093 4755 0,335 Curious 4843 -0.093 Oscar 
4721 -0,361 4857 -0,051 4891 0,278 Converse 4947 -0.102 Blvin 
4723 -0.072 4858 0,065 4688 0.263 Bellman 4675 -0.106 Holiday 
4728 -0.217 4861 0.202 4778 0,255 Oscar 4677 -0.106 Holiday 
4729 -0.261 4865 0,029 4788 0.252 Bellman 4826 -0.142 Prelude 
4731 -0.284 4871 -0,008 4775 0,250 Target 4832 -0.143 Prelude 
4732 -0.053 4873 -0,310 4793 0,247 Jurist 4756 -0.145 Choice 
4736 0.422 4874 -0.318 4837 0,235 Captain 4887 -0.181 Dancer 
4747 -0.310 4877 -0,011 4769 0,209 Target 4765 -0,185 Oscar 
4755 0.335 4879 -0.247 4861 0.202 Malachi 4796 -0,211 Centurian 
4756 -0.145 4882 0,113 4896 0,179 Choice 4728 -0,217 Malachi 
4757 0.348 4883 -0.335 4797 0.171 Choice 4879 -0,247 Prelude 
4765 -0.185 4887 -0.181 4821 0,128 Choice 4786 -0.253 Bellman 
4768 -0.324 4888 -0.040 4882 0.113 Curious 4729 -0,261 Mascot 
4769 0.209 4891 0.278 4858 0,065 Spencer 4731 -0,284 Kai 
4771 -0.311 4896 0.179 4692 0,032 Stanley 4951 -0.304 Converse 
4775 0.250 4898 -0.076 4865 0,029 Mackenzie 4747 -0,310 I'estus 
4777 -0.022 4937 -0.028 4948 -0,008 Liberty 4873 -0,310 Liberty 
4778 0.255 4941 0.526 4871 -0,008 Dancer 4771 -0.311 Choice 
4785 -0.418 4942 0,443 4877 -0,011 Prelude 4874 -0,318 Liberty 
4786 -0.253 4946 -0,040 4777 -0,022 larget 4768 -0,324 Target 
4788 0.252 4947 -0.102 4937 -0,028 IJberty 4883 -0,335 Prelude 
4793 0,247 4948 -0.008 4836 -0.035 Oscar 4721 -0,361 Bellman 
4796 -0,211 4951 -0,304 4888 -0.040 Oscar 4785 -0,418 Holiday 
Table D14. Estimated breeding values (BV) for lymphocyte blastogenesis induced by concanavalin A in week 3 of a glucocorticoid-induced 
immunosuppression model. Data were collected on days 9, 10, and 11 (first dcxamethasone injection = day 0) and were used within a single-
trait animal model for breeding value estimates. Breeding value unit of measure is percentage difference (X 100) from control group mean. 
Bulls sorted by identification number Bulls sorted by breeding value 
Bull BV Bull BV Bull BV Sire Bull BV Sire 
4665 0.102 4797 -0.019 4775 0.193 Target 4793 -0.002 Jurist 
4675 0.035 4821 -0.023 4688 0.178 Bellman 4882 -0.003 Curious 
4676 -0.015 4826 -0.025 4736 0.165 Bellman 4692 -0.005 Stanley 
4677 0.082 4832 -0.020 4769 0.159 Target 4756 -0.007 Choice 
4688 0.178 4836 -0.011 4757 0.153 Tcsk 4937 -0.009 l.iberty 
4692 -0.005 4837 0.010 4768 0.103 Target 4796 -0.010 Centurian 
4698 0.021 4843 0.008 4665 0.102 Target 4836 -0.011 Oscar 
4721 0.050 4857 0.030 4677 0.082 Holiday 4874 -0,013 l.iberty 
4723 0.012 4858 0.008 4755 0.070 Curious 4676 -0.015 Malachi 
4728 -0.218 4861 -0.015 4788 0.068 Bellman 4861 -0.015 Malachi 
4729 -0.199 4865 0.013 4941 0.062 Bellman 4946 -0.019 Liberty 
4731 -0.173 4871 0.015 4777 0.057 Target 4797 -0.019 Choice 
4732 -0.144 4873 0.015 4778 0.056 Oscar 4832 -0.020 Prelude 
4736 0.165 4874 -0.013 4721 0.050 Bellman 4786 -0.022 Bellman 
4747 -0.180 4877 0.005 4675 0.035 Holiday 4947 -0.022 Elvin 
4755 0.070 4879 -0.035 4857 0.030 Glee 4821 -0.023 Choice 
4756 -0.007 4882 -0.003 4888 0.026 Oscar 4826 -0 025 Prelude 
4757 0.153 4883 -0.031 4942 0.025 Mountain 4887 -0.025 Dancer 
4765 0.001 4887 -0.025 4698 0.021 Holiday 4896 -0.026 Choice 
4768 0.103 4888 0.026 4871 0.015 Danccr 4883 -0.031 Prelude 
4769 0.159 4891 -0.048 4873 0.015 Liberty 4879 -0.035 Prelude 
4771 -0.184 4896 -0.026 4948 0.013 Liberty 4898 -0.035 Mountain 
4775 0.193 4898 -0.035 4865 0.013 Mackenzie 4891 -0.048 Converse 
4777 0.057 4937 -0.009 4723 0.012 Mascot 4951 -0.075 Converse 
4778 0.056 4941 0.062 4837 0.010 Captain 4732 -0.144 Liberty 
4785 0.000 4942 0.025 4843 0.008 Oscar 4731 -0.173 Kai 
4786 -0.022 4946 -0.019 4858 0.008 Spenccr 4747 -0.180 Testus 
4788 0.068 4947 -0.022 4877 0.005 Prelude 4771 -0.184 Choice 
4793 -0.002 4948 0.013 4765 0.001 Oscar 4729 -0.199 Mascot 
4796 -0.010 4951 -0.075 4785 0.000 Holiday 4728 -0.218 Malachi 
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